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STANDARD COMPARISON TEST PROCEDURES
FOR INITIATOR OUTPUT

INTRODUCTION

SCOPE

This manual establishes standard terminology for defining initiator output and
specifies the test methods to be used to determine initiator output characteristics in
terms of the standard definitions. The term initiator (or squib) refers to a device used
as the first element of an igniter train to produce a hot flash or flame of relatively low
brisance for initiation of a pyrotechnic material,

SUMMARY OF PROCEDURES

The test procedures described herein can be utilized in the following ways:

1, To compare the output characteristics of an initiator with those of
other initiators.

2. To establish the output characteristics of an initiator.

3. To serve as a systematic method for testing during initiator devel-
opment.

4. To provide a procedure for quality control testing during production.

Briefly, the output of an initiator is determined in this procedure by calorific
output tests in a bomb calorimeter, by pressure output tests in a variable volume
closed bomb, by heat flux output tests in a closed bomb and in an open tube, and by
relative brisance tests using inert pellets and foamed glass block as targets for the
initiators. In addition, procedures are given for calculating estimates of initiator
calorific output, maximum pressure generated by initiators in a closed bomb, and in-
creases in maximum igniter pressure caused by pellet breakup due to '"brisant"
initiators,

The user of these procedures is assumed to have a fundamental background in
the operation of the equipment specified herein or of similar equipment. Appendix A
contains a list of manufacturer's manuals which should be referred to for the finer
details concerning calibrating, connecting, tuning, and operating the equipment.

DEFINITIONS

Initiator The first element in an ignition train which supplies the
initial heat and pressure required to actuate the remaining
components of the train

Calorific Output The total heat (cal.) evolved by an initiator

Pressure Output of an The general term for pressure and associated pressure

Initiator transient characteristics produced by an initiator in a



Heat Flux Output of an
Initiator

Brisance

Heat of Explosion

Heat of Reaction

Maximum Pressure (P ..)
Function Time (t})

Rise Time (t3)

(or apparent burning time)
Average Pressure Decay

Rate (Pdk)

Calibration Heat Flux (q)

nonvented chamber

The heat flux (cal. /cm. %-sec. ) from an initiator as re-
corded through a thin-film gage (a relative value) (Units
may also be referred to in b, t, u. /ft. “-sec. or

b.t, u. /in. 2_sec. )

The shattering (shock) effect of initiator output produced by
extremely rapid pressure rise (a relative term)

The amount of heat generated (cal. /gm. ) by the combustion
of a material in a constant volume inert atmosphere at a
given initial pressure

The useful energy, measured as heat (cal. /gm. ), which
becomes available as a result of a chemical reaction taking
place at a constant temperature and pressure (a calculated
value)

The highest value of pressure (psia) attained

The time interval (msec. ) from input of firing current to
the initiator to first indication of pressure rise

The time interval (msec.) from first indication of pressure
rise to attainment of maximum pressure

The average slope of the pressure decay curve (psi/msec.)
during the first 10 msec. after maximum pressure in a
closed bomb

The heat flux (b.t. u. /ft, 2-sec.) value used to calibrate the

. heat rate analogue unit

Maximum Temperature

(Trmax)

)

Time to Tmax (tTmax

Fine Fraction

Degree of Damage

SAFETY PRECAUTION

The maximum temperature (°F.) recorded with a thin-film
gage

The time interval (msec.) from first indication of temper-
ature rise to maximum temperature

The ratio of the weight of pellets passing through a U. S.
Standard No. 12 sieve to the total weight of pellets loaded
into the fixture

The ratio of the weight of pellets passing through a U. S,
Standard No. 12 sieve to the weight of damaged pellets

The safety procedures for the facility in which this manual is used should take
precedence over any operation specified in the manual. Warnings and safety precau-
tions are noted throughout the procedures (in capital letters) to assure protection of




pPersonnel and equipment.
The following safety conditions should be provided before testing is begun:
1. Adequate grounding of all electrical equipment,
2. Nonconductive floors (or local safety requirements).
3., Approved operator and transient safety clothes including eye protection,
nonflammable coveralls or lab coat, and nonconductive shoes (or local

safety requirements).

4. Shield, test chamber, or other device for protecting the operator during
an initiator firing.

5. Adequate interlocks on the equipment to prevent premature firing of the
initiator.

6. Control of transient personnel in operating area.

EQUIPMENT AND MATERIALS

The following equipment and materials are required for the initiator output test
procedures. The specifying of particular makes of equipment is not intended to imply
that only those makes are satisfactory for use, Other manufacturers' equipment with
similar response characteristics may also be used. When substitute equipment is
used, descriptions of the equipment should be reported along with the test results,

Appendix A contains a list of operating manuals for the equipment described
below. These manuals should be referred to for the finer details concerning cali-
bration, operation, and maintenance of the equipment.

Item
Number Description

1 TX409-1 Closed Bomb Test Fixture, Thiokol drawing R-42453, Figure 1l

2 Oscilloscope, Tektronix, Inc., Beaverton, Oregon, Type 555
(d.c.-to-33 m.c., dual-beam)

3 Camera, Oscilloscope, Tektronix, Inc., Type C-19, Part No. 122-568
with Mounting Bezel Part No, 016-226, Viewing Hood Part No. 016-001,
Lense (f/1,4-1:1) Part No, 122-608, and Film, Type 47 ASA 3000

4 Preamplifier, Tektronix, Inc., Type K

5 Amplifier, Dynagage, Photocon Research Products, Pasadena, Calif.,
Mocdel DC-405 with Power Supply Model PS-A05 and Cable Termination
Network Model 2573

6 Pressure Transducer, Photocon Research Products, Model No. 401-1531

with Appropriate Pressure Rating



Item
Number Description
7 Dead Weight Tester, Ashcroft Gauge, Manning, Maxwell, and Moore,
Inc,, Stratford, Conn., Model 1305-BH100
8 Foil Gap Switch and Triggering Circuit, Figure 2
9 Amplifier, Dual Trace Plug-in Unit, Tektronix, Inc., Model 53/54C
10 Thin-Film Gage, Heat Technology Laboratory, Inc., Huntsville, Ala.,
Model PTF50-P24-4F
11 Heat Rate Analogue Unit, Georgé C. Marshall Space Flight Center,
National Aeronautics and Space Administration, Huntsville, Ala., Model 3
(NASA-MSFC drawings C-362, 1 through C-362.7), with
a. Chopper Power Supply
b. Chopper
12 Power Supply, d.c., Hewlett-Packard Co., Palo Alto, Calif.,, Model712-B
13 Wheatstone Bridge, Leeds and Northrup Co., Philadelphia, Pa.,
Model 5305
14 Potentiometer, Leeds and Northrup Co., Model 8667
15 Muffle Furnace, Temco, Inc., Nashville, Tenn., Model 1623
16 Pyrometer Controller, Thermo Electric Co., Saddle Brook, N. J.,
Model 293
17 Thermocouple, Copper-Constantan
18 Decade Box, 2% Tolerance;
a. One with a resistance range of 0 to 100 ohms
b. One with a resistance range of 0 to 200 ohms
19 Open-Tube Test Fixture, Figure 9
20 Bridge Circuit, Thin-Film Gage, Figure 10
21 Circuit Tester, Allegany Instrument Co., Cumberland, Md.,
Model 101 -5AF
22 Inert-Pellet Test Fixtures, Figures 12 and 13
23 Pellets, Inert, ALCLOl, Figure 14

l. A trademark name of the Aerojet-General Corporation, Azusa, California,




Item
Number Description
24 Pellets, Inert, B-KNO3, Figure 14
25 Glass-Block Test Fixture, Figure 15
26 Glass Block, Figure 15
27 Bomb Calorimeter, Parr Instrument Co., Moline, Ill,, Series 1200
Adiabatic Bomb Calorimeter with Associated Apparatus (Procedure 1,a.)
28 Miscellaneous Materials Check List:

a. Zinc chromate putty

b. Heat fesisting tape

c. Insulating phenolic sleeve, 1/2-inch O.D. x 10 inches long

d. Potting compound--nonelectrical conducting

e. Coaxial cabling and connectors

f. Distilled water

g. Crushed ice made from distilled water

h. Dewar flask

i.  O-Ring lubricant

Because the equipment required for Procedure l.a., '""Calorific Output of

Initiators Using a Bomb Calorimeter, ' is not used for any other procedure, the acces-
sory apparatus are not included in this equipment list but are described within the

procedure.

PROCEDURE SELECTION GUIDE

General

The purpose of this guide is to recommend the appropriate procedures for
comparing, characterizing, developing, and quality control testing initiators and to aid
the user in selecting closed bomb volumes, numbers of tests, special environmental
conditions, etc. Because the output variations of initiators differ widely, no attempt
has been made to establish the number of tests to conduct under each procedure. Some
initiators may require many tests to assure that they are sufficiently characterized,
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If an initiator is to be used in a high altitude environment, some of the compar-
ison and characterization testing should be conducted under vacuum conditions;
especially the closed bomb pressure testing. Procedure 2.b. discusses the selection



of the appropriate closed bomb volume. Generally, for initiators expected to develop
low pressures, a closed bomb volume of from 15 cc. to 30 cc, should be used, whereas
for high pressure output initiators, a volume of from 25 cc. to 40 cc. is recommended.
This manual recommends the units in which the data should be reported and provides a
list of conversion factors in Appendix B for converting from the British system to the
metric system.

Comparing Initiator Output

Procedures 1, 2, 3, and 4, in that order, are recommended for comparing the
outputs of two or more initiators, The ""b' portions of Procedures 1 and 2 should be
used initially if sufficient data are available and, if the results support continuing the
comparison tests, Procedures 3,a. and 4, b, should be used to further compare the
outputs of the initiators. Because the importance of a particular initiator output
parameter varies with the intended application, no limits have been placed on the range
of acceptable variation of the parameters. When using any of the procedures for
comparing initiator output, extreme care should be taken to duplicate all test conditions
from one test to another including instrumentation setups, surrounding environmental
conditions, initial fixture conditions, and sensor response capabilities,

Characterizing Initiator Qutput

Although most of the procedures described in this manual, because of their
qualitative nature, are intended for comparing initiator output, the procedures can also
be used to characterize the output of a particular initiator. Procedures 1 and 2 for
obtaining the total heat output and the closed bomb pressure of an initiator are the most
practical and most quantitative procedures by whichinitiator output canbe characterized.

Initiator Development Testing

All of the procedures can be usefully employed during development of an
initiator. Procedure 3.b. for heat flux output measurements in an open-tube test fix-
ture is especially useful for ""microscopic' evaluations of initiator gas flow. A heat
flux measuring device (thin-film gage--TFG) measures the temperature at the surface
of a substrate material (this temperature is related to the temperature of the initiator
gases),and heat flux to the gage surface from the initiator combustion products can be
determined. The advantages of open-tube testing are (1) that the hot gas flow from an
initiator can be restricted to one-dimensional flow patterns which are reproducible and
conducive to an analysis similar to the heat transfer to the walls of a shock tube, (2)
that the open tube makes testing much faster and easier than the closed bomb, and (3)
that the TFG can be replaced (at the same location and geometry) by various pellets to
study the go-no-go ignition of the pellets and compare this actual ignition to the heat
transfer measured at the location with the TFG,

Initiator Quality Control Testing

Procedures 2.a. and 4.b. can be easily adapted to quality control testing of
initiators. Most quality control procedures require closed bomb pressure tests and
functioning time tests in addition to the usual electrical input safety tests. Procedure
4,b. can be used in conjunction with functioning time measurements and is one method
of comparing the lot-to-lot variations of initiator brisance.
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PROCEDURE 1. a.

CALORIFIC OUTPUT OF INITIATORS USING A BOMB CALORIMETER

SCOPE

This procedure describes a method of determining the total heat output of
initiators using a bomb calorimeter.

SUMMARY OF METHOD

The total heat output of an initiator is determined in this procedure by firing the
initiator (or a cluster of initiators) in a bomb calorimeter under 25 atmospheres of
helium (or argon). The calorific output of the initiator is calculated by multiplying the
temperature rise in the calorimeter by the energy equivalent factor (effective heat
capacity or water equivalent) of the system and dividing this product by the number of
squibs fired into the bomb, The procedure is based on the use of a Parr Instrument
Co., Moline, Ill., adiabatic bomb calorimeter Series 1200; however, other calorim-
eters may be used if the initial bomb conditions are not altered and the calorific output
of initiators is reported as described in this procedure.

Alternately, if a sufficient amount of initiator pyrotechnic charge is available,
the total heat output of the initiator may be obtained by burning a known quantity of the
charge in the bomb calorimeter under 25 atmospheres of helium (or argon), thus
determining the heat of explosion (calories/gram) of the charge, and multiplying the
heat of explosion by the initiator charge weight., Normal bomb calorimeter procedures
for acid corrections, sample weight selection, and safety precautions should be utilized.

GENERAL CONSIDERATIONS

Nomenclature

The bomb calorimeter referred to in this procedure consists of three essential
parts, namely:

1. The bomb or vessel in which the combustible charge is burned (or
the initiator is fired).

2. The bucket or container holding a measured quantity of water in which
the bomb, thermometer, and stirring device are immersed.

3. The jacket which protects the bucket from the effects of variations in
room temperature, drafts, etc,

Safety Precautions

The user of this procedure is assumed to have a basic knowledge of the use of
bomb calorimeters (in particular, the Parr Instrument Co, adiabatic calorimeter,
Series 1200) for heat of combustion measurements., Parr Manual No, 130 (Appendix A),
which contains a discussion of calorimetry and combustion methods as well as a sum-
mary of the hazards of operating a bomb calorimeter, should be reviewed before
proceeding with the test,
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SPECIAL PRECAUTIONS MUST BE TAKEN TO ASSURE THAT THE INITIATOR
TO BE TESTED DOES NOT PRODUCE EXCESSIVE INSTANTANEOUS PRESSURE
WHEN FIRED IN THE BOMB AND THAT THE MAXIMUM PERMISSIBLE CALORIFIC
OUTPUT IS NOT EXCEEDED, When there is doubt concerning the pressure output of
an initiator, several tests should be conducted first in a closed bomb and the results
used to predict the pressure effects of the initiator in the calorimeter bomb (Procecure
2.b.). The Parr No. 1101 bomb, around which this procedure was established, has a
volume of 360 milliliters and can withstand a working pressure of 100 atmospheres and
a total sample heat liberation of 10, 000 calories. The Parr No. 1104 high pressure
bomb may be used for an initiator which produces extremely high pressuresoris highly
brisant.

Initiator Samples

The choice of the number of initiators to test in the bomb at one time depends on
the pressure and estimated calorific output of the initiator, the cost and availability of
the initiator, and the type of initiation (low voltage or EBW) required. The following
statements are presented as guides for determining the number of initiators to test at
one time:

1, No more than two exploding bridgewire initiators should be tested
at one time.

2. No more than five low voltage initiators should be tested at one time.

3, The effects of testing errors are lessened as the temperature rise in
the calorimeter becomes greater. Therefore, the greatest number
of initiators that can practicably be tested (up to a maximum of five
low voltage initiators and two EBW initiators) should be fired, pro-
vided the pressure and calorific limits of the bomb are not exceeded,
(A calorific output of 1350 calories will raise the temperature of the
bomb approximately 1°F, A temperature rise of from 0.1°F. to
0.5°F. gives satisfactory results, although a larger rise is more
desirable. )

Effects of Errors

Normal bomb calorimeter procedures for maintenance, control of surrounding
conditions, and precision should be followed to assure that errors do not bias the re-
sults and that they are kept to a minimum. The following examples illustrate the
magnitude of errors which may result from faulty operation, They are based upon an
assumed calorimetric experiment burning a 1, 0000-gram sample to produce a
5.000°F. temperature rise in a calorimeter having an energy equivalent of 1350
cal. /°F, (Reference Parr Manual No. 130).

An error of 1 gram in measuring the 2 kilograms of water for the calorimeter
will change the thermal value 3.4 calories,

An error of 0.01°F, in measuring the temperature rise will change the thermal
value 13,5 calories,
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APPARATUS

Bomb Calorimeter

This procedure is based on the use of a Parr Instrument Co. adiabatic bomb
calorimeter Series 1200 (Item No, 27 of Equipment and Materials List, Page 5).
Other calorimeters may be used, but the initial test conditions as described herein
should be the same. The maximum pressure and calorific output limitations of a sub-
stitute calorimeter should be thoroughly investigated before use,

Both the double-valve and the single-valve Series 1200 self-sealing bombs are
suitable for use with low voltage initiators, However, when exploding bridgewire
initiators are tested, the bomb must be modified to provide high voltage attachments
through the head. Figure l.a.l shows a suggested method of modifying a double-valve
bomb head., Any modified bomb should be pressure tested under operator-protected
conditions before use in the calorimeter. The bomb should also be checked for leaks
by immersing the pressurized bomb in water and watching for bubbles,

Ignition Unit

The ignition unit should supply the proper electric current for firing standard
calibration samples (Parr Series 2900 ignition units or equivalent).

lgnition Battery

Either a dry cell or a wet cell battery is required for firing low voltate initia-
tors. A firing current of 5 amperes per initiator is satisfactory for most applications.

Exploding Bridgewire Firing Unit

The EBW firing unit should be capable of supplying the required firing pulses
at voltages of 500 to 3000 volts from a 0.5 to 1.5 microfarad capacitor.

Hot Water Source

A Parr Series 1500 water heater may be used to supply both hot and cold water
to the calorimeter., It is also advisable to have a source of chilled water (such as from
a water cooler drinking fountain) to assist in controlling the calorimeter jacket
temperature during a test,

Distilled or Demineralized Water

The distilled or demineralized water used in the calorimeter bucket should be
2.0 to 2.5°F. below room temperature.

Thermometers

° matched the L
Two narrow - r:lué\, (urr&. vz;...;;;atcl',' 66 tc 95 F.) hot hed thermomceters u.a.v;.xxs

0.05°F. graduations which can be estimated to 0. 005°F, (Parr No. 1601 thermometer
furnished with a Parr certificate and correction chart or equivalent) are required.
Reading lenses (Parr No. 3003 or equivalent) should be used.
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Firing Wire

The standardization sample may be ignited by means of Parr No. 45C10 nickel-
alloy fuse wire or equivalent,

Balance
A balance or other weighing device capable of weighing 2,000 grams of water
with 0.5-gram accuracy is required. A balance for weighing a 0,9- to 1. 1-gram

sample of standard combustion material with 0,000l -gram accuracy is also required.

Timing Device

A stop watch or other timing device capable of keeping time up to about 30
minutes is needed.

REAGENTS
Helium Gas

Commercial helium containing not more than 0, 01 percent oxygen is required,
Commercial argon gas may be used instead of helium.,

Standard Samples

Benzoic acid powder or pellets (from Parr or the National Bureau of Standards,
Washington 25, D, C.) may be used for calibrating the bomb calorimeter. Other mate-
rials such as naphthalene or sucrose may also be used.

Titration Solution

A standard alkali solution is needed for acid titration of the bomb washings
during calibration., A 0.0725N sodium carbonate solution, prepared by dissolving 3. 84
grams Nap2CO3 in water and diluting to 1 liter, is recommended.

Acid Indicator

Methyl orange or methyl red is used for acid-alkali titrations.

STANDARDIZATION

Determine the energy equivalent of the calorimeter as the average of not less
than two tests using the procedure described in Parr Manual No., 130, Briefly, the
calibration procedure consists of burning a known weight of benzoic acid in 25+ 1 at-
mospheres of oxygen and determining the energy equivalent of the calorimeter as the
product of the weight of the sample and its heat of combustion per gram divided by the
corrected rise in temperature. Corrections are made for the heat of formation of
nitric acid and for the heat of combustion of the ignition wire. The energy equivalent
of the calorimeter must also be adjusted for the addition of initiator components during
a total heat output test, This can be done either by using the weights of the components
and their specific heats or, preferably, by placing the same type of fired initiator
components in the bomb as those live initiator components used in the total heat output




PROCEDURE L. b.

CALCULATED CALORIFIC OUTPUT OF INITIATORS




test. The fired initiator components must be stripped of all combustible materials
such as leadwire insulation, plastic spacers, and thin metal components (closures)
which would burn in the presence of excess oxygen. If a powdered combustion material
is used to calibrate the system, extra care must be taken to assure that combustible
initiator components are not placed in the bomb because they are more likely to come
into direct contact with the combustion flame as the powder ''splashes'' out of the
capsule during burning, Leadwire lengths and firing connector components should be
the same for standardization and for initiator calorific output tests.

PROCEDURE
General

Accepted calorimetric techniques should be used throughout the testing proce-
dure. Parr Instrument Co. Manual No, 130, titled "Oxygen Bomb Calorimetry and
Oxygen Bomb Combustion Methods, ' describes the techniques of calorimetry applied to
the heat of combustion measurement, Manual No. 130 supplements this procedure and
should be used whenever specific steps for conducting the calorific output test for
initiators are not described in detail. A minimum of two total heat output determina-
tions should be conducted for each initiator.

Preparation of Samples

"The initiators must be stripped of any combustible materials externally attached
to the hardware. For example, insulation must be removed from the leadwires of
plug-and-shell initiators. Several techniques can be used to cluster initiators together
and to attach their leads to the electrodes or firing connector. Any connector pin,
solder, or other item used to cluster the initiators must have been placed in the bomb
during calibration or must be corrected for in the final calculations. Initiator bridge-
wire continuity should be checked before and after clustering.

Preparation of Bomb

Place in the bomb an empty metal combustion capsule similar to the one used
during calibration (or, alternately, correct the test results using the weight of the
capsule and its specific heat), Do not add water to the bomb for acid correction.

Insert the head with initiators attached into the bomb making sure that the initiator
circuit does not touch the sides of the bomb and that the circuit is not fouled. Close the
bomb by turning the cap screw down firmly by hand, Check the firing circuit continuity
before proceeding with filling the bomb.

Purging and Filling the Bomb

Loosely attach the filling connection of the helium {or argon) gas tank to the in-
iet valve of the bomb and siowiy purge the gas iine of air., Tighten the filling connection
and slowly admit gas to approximately 10 atmospheres gage pressure at roomtempera-
ture. Slowly vent the gas to the atmosphere through the outlet valve {(or remove the
filling connection and vent through the inlet valve if a single-valve or EBW modified .
double-valve head is being used). Repeat this filling and venting process three times to
purge the bomb of entrapped air. After the third purging, fill the bomb to a pressure
of 25+ 1 atmospheres, remove the filling connection, and attach the valve nut to give
added security to the check valve, The bomb is now ready for use.
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Calorimeter Water

Fill the calorimeter bucket with 2000+ 0,5 grams of distilled or demineralized
water at 2.0 to 2.5°F, below room temperature. The amount can be determined either
by measurement in a standard flask or by weighing, using the same amount as thatused
in the standardization of the apparatus. Space is provided on the suggested initiator
calorific output data sheet shownon Figure l.a.2 for recording the combination of
weights (or the volume at a particular temperature) used to obtain the 2000 grams of
calorimeter water. A sample filled-in data sheet is shown on Figure l.a. 3.

Assembling the Calorimeter

Place the bucket of water into the calorimeter, lower the bomb into the bucket,
and attach the thrust terminal to the bomb, If the bomb has been modified to allow
testing of EBW initiators, position the firing leads so that they extend from under the
calorimeter cover, close the calorimeter, and start the stirrer.

Temperature Adjustment and Observations

With the calorimeter assembled, adjust the temperature of the water circulating
in the jacket so that it is the same as that of the water in the bucket, Allow five min-
utes for attainment of equilibrium; then adjust the jacket temperature to match the
calorimeter within +0,01°F, and hold for three minutes, Read and record the calorim-
eter temperature to the nearest 0, 005°F, and fire the initiator(s) with the appropriate
ignition unit. (Use a data sheet similar to that shown on Figure l,a.2 for recording
pertinent information.)} Add hot water to the jacket during the temperature rise period
to keep the calorimeter and jacket temperatures as nearly alike as possible (if the cold
tap water is ineffective in keeping the jacket temperature from ''overshooting'' the
calorimeter temperature, the addition of chilled drinking fountain water to the jacket
will help to control its temperature). Adjust the temperatures to within +0, 01°F, after
three minutes and record the calorimeter temperature at one minute intervals until the
same temperature is observed in three successive readings.

Opening the Calorimeter

After recording the final maximum temperature, open the calorimeter, remove
the bomb, and release the gas into a hood before opening the bomb, The bomb valves
should be cleaned often to prevent them from becoming clogged with initiator exhaust
products.

CALCULATIONS

Using the initial and final corrected temperatures and the energy equivalent of
the system determined during calibration, calculate the total heat output of the initiator
as the product of the temperature rise (°F.) and the energy equivalent (cal. /°F.)
divided by the number of initiators tested. Record the total heat output to the nearest
calorie.




PROCEDURE 1.b,

CALCULATED CALORIFIC OUTPUT OF INITIATORS

SCOPE

This procedure discusses general methods and guidelines for calculating and
reporting estimates of the calorific output of initiators.

SUMMARY OF METHOD

The procedure is based on utilizing known heat content data of the individual
initiator ingredients or of similar materials to calculate the total calorific output of the
initiator. If little is known about the quantity and type of initiator charge ingredients,
the estimates obtained using some methods discussed herein may be useful only as
"quick look'' estimates of calorific output prior to employing Procedure l.a. or prior
to obtaining additional information,

PROCEDURE

Figure 1.b.1 shows heat of explosion of several metal-oxidant initiator mate-
rials as a function of percent by weight of metal. This figure may be useful in cal-
culating the total heat output of an initiator whose charge types and compositions are
known. The calorific output of an initiator is obtained simply by multiplying the
weights (usually expressed in grams) of the several initiator charges by their corre-
sponding values for heat of explosion (expressed in calories/gram) and adding the
products, The validity of calorific output estimate is dependent, of course, on the
accuracy of the charge type-and-weight information, Whenever possible, total heat
output estimates should be based on heat of explosion, but, in all cases, the method
used to determine the total heat output of an initiator should always be described along
with the reported value.

Another method of determining the total heat output of an initiator is to conduct
bomb calorimeter tests (following Procedure l.a.) to obtain values for heat of explo-
sion using either the entire initiator contents or the individual charge materials if the
materials are available, The heat of explosion of nonheat-sensitive materials such as
those sometimes used in exploding bridgewire charges can be determined in a bomb
calorimeter by boosting the hot initiation wire with a heat-sensitive charge. The heat
content may also be estimated from reaction equation calculations.

1. The heats of reaction of metal-oxidant mixtures can be calculated by a method
given in the following reference: '"Metal-Oxidant Igniter Materials, " Bulletin of
the Second Symposium on Solid Propellant Igz.ition, Vol. I, October 2 - 4, 1956,
CONFIDENTIAL,
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PROCEDURE 2. a.

PRESSURE OUTPUT OF INITIATORS IN A CLOSED BOMB
SCOPE

This procedure describes a method of determining the pressure output charac-
teristics of initiators using the TX409-1 closed bomb test fixture (R-42453). The user
of this procedure is assumed to have a fundamental background in the calibration and
operation of pressure measuring instruments including high frequency pressure trans-
ducers, amplifiers, oscilloscopes, and oscilloscope cameras,

SUMMARY OF METHOD

The pressure output characteristicsof aninitiator are determined inthis procedure
by firing the initiator into a closed test chamber and measuring thetransient pressure
during burning of the initiator charge. Thepressure output ofthe initiatoris characterized
by the rate at whichthe closed bomb chamberis pressurized and by the maximumpressure
producedin selected chamber volumes of 20, 30, 40, or 50 cc. (or intermediate volumes).

APPARATUS

The apparatus for the closed bomb pressure test consists of the following items
(see Equipment and Materials List, Page 3):

Item Item
No. Name No. Name
1 Closed Bomb (Fig. 1) 5 Amplifier, Dynagage
2 Oscilloscope 6 Pressure Transducer
3 Camera, Oscilloscope 7 Dead Weight Tester
4 Preamplifier, Type K 8 Foil Gap Switch & Triggering Circuit (Fig. 2)

PROCEDURE

Setup and Calibration of Instrumentation

1. Refertothe manufacturers' manuals (Appendix A) for the finer details concerning cali-
brating, connecting, tuning, and operating the equipment. Use coaxial cabling with
UHF or BNC connectors, Cablinglengthshould not exceed25 feet betweenthe trans-
ducer (Item No. 6)andthe Dynagage (Item No. 5)and should be held to an absolute mini-
mum between the Dynagage, preamplifier (Item No. 4), and oscilloscope (Item No. 2).

2. Select the appropriate dead weight tester (Item No, 7) adapter to fit the pressure
transducer and install the transducer in the adapter applying the minimum torque
to effect a good seal., Approximately 200 to 400 inch-pounds torque is satisfactory
for the Photocon transducer with 18 -1.5 mm. threads.

3. Zero the oscilloscope beam and set the ''volts/cm, " switch at 2 volts/cm. with the
'variable volts/cm. " control in the ''calibrated' position.

4, Electrically connect the transducer to the Dynagage and the Dynagage to the
oscilloscope.

5, Tune and balance the transducer and Dynagage using the manufacturers' manuals
as guides. After tuning is complete, the output of the Dynagage should be adjusted




2.a,2

to zero output voltage as indicated by the oscilloscope deflection; i. e., the oscillo-
scope zero does not shift when the Dynagage is disconnected.

Calibrate the oscilloscope toread-outpressure usingthe dead weight tester manual as
a guide., Themaximumdesired calibrationpressure should deflectthe oscilloscope
beam4 cm. The oscilloscope beam should showa l-cm. deflection at25% of the
maximumpressure, a2-cm, deflectionat50% pressure, anda 3-cm. deflection at
75%pressure, Ifthe maximumpressure outputofthe initiator is not known, calibrate
for a high maximum pressure for the initial tests and recalibrate as necessary for
subsequent tests, If the maximum pressure is known for some other volume,
estimate the pressure for the test volume by the method given in Procedure 2. b.

After calibrating the oscilloscope, remove the transducer from the dead weight
tester and remove the outer flame shield from the transducer, Degrease the
transducer and flame shield being careful not to allow the degreasing agent to con-
tact the connector end of the transducer. Thoroughly dry the parts and reattach
the flame shield to the transducer,

Mount the camera (Item No. 3) on the oscilloscope and load it with Type 47

ASA 3000 Polaroid film. Various types of initiators differ widely in time neces-
sary to achieve maximum pressure in a closed bomb. If little is known about the
functioning time of the initiator being tested, use both oscilloscope beams and
select a fast recording speed (such as 1 millisecond/cm. ) for one beam and a slow
recording speed (such as 10 milliseconds/cm. ) for the other beam to assure that
the entire initiator functioning period is recorded, {(The oscilloscope screen is

9 cm. wide.) A slow oscilloscope sweep speed requires the use of lower graticule
lighting and allows less intensity to be used on the beam (trace). The film expo-
sure time is determined by the duration of the sweep and the persistence of the
cathode ray tube phosphor; therefore, the shutter speed is normally set to bulb (B)
and the shutter is manually opened and closed to photograph the initiator firing.
With the above in mind, use an aperture opening of £/2 to £/3 to achieve a balance
between graticule and oscilloscope beam focus, Beam intensity and duration must
bethe reference points for camera settings, while graticule focus is the by-product.

Adjust the astigmatism and intensity controls of the oscilloscope for a sharp beam.

Set the oscilloscope beam for a single sweep.

Adjust the oscilloscope so that a small signal (on the order of 200 millivolts)
impressed across the trigger input terminals will sweep the beam. Select a
method of triggering the oscilloscope {Appendix C). In some cases, it may be ad-
visable to use the trigger source provided by the manufacturer of the power supply
used to fire the initiator--in other cases, for initiators with extremely slow func-
tioning times (time from application of firing energy to initial pressure rise in the
closed bomb), a foil gap switch (Item No. 8) inserted in the gas stream of the
initiator may be the solution. The TX409-1 closed bomb with Body, R-42455, has
provisions for using the gap switch. Figure 3 schematically illustrates the layout
of the instrumentation for measuring pressure as well as for measuring heat flux
described in Procedure 3,

Assembly, Calibration, and Use of the Bomb

1,

The temperature of the room in which the test is conducted and of the bomb should
be between 70°F. and 80°F.
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IF AN APPROXIMATE MAXIMUM PRESSURE OUTPUT OF THEINITIATOR BEING
TESTED IS NOT KNOWN BUT IS EXPECTED TO BE AS HIGH AS 3000 PSIG IN A
SMALL VOLUME, MAKE THE INITIAL TEST AT A LARGE VOLUME (SUCH AS
50 cc.) TO ASSURE THAT THE BOMB WORKING PRESSURE OF 3000 PSIG ISNOT
EXCEEDED,

Alternately, the maximum pressure output of the initiator may be estimated for the
test volume by the method given in Procedure 2. b., if the maximum pressure out-
put of the initiator is known for some other volume.

The face of the calibrated pressure transducer must be coated with a 0. 02- to

0. 05-inch thick layer of zinc chromate putty during each test to protect it from
damaging initiator exhaust. The putty should be removed and replaced as needed
to assure that the face of the transducer is protected.

Using drawing R-42453 (Figure 1) and the following tabulation as guides, assemble
the closed bomb test fixture (Item No. 1), Lubricate all O-rings with Celvacene.

Nominal
Test
Volume Body Parts

20 cc. R-42455-51 Plug, R-42457, with O-ring, 2-28

Plug, MS9015-04, with O-ring, 3-4, or, for vacuum
tests, Union, AN815-4C, with O-ring, 3-4, and
Vacuum Valve

Screw, MS 9317-02

Washer, R-42456, as required '

Adapter, R-41913--appropriate threads, with O-ring,
2-28, and appropriate O-ring for Squib

Pressure Transducer, PRP #4011, with O-ring, 2-12

20 cc. R-42455 Same parts as above plus:
Plug, R-42459
Holder, R-42208-51, with O-ring, 2-12
Plug, MS9015-03, with O-ring, 3-3, or Gap Switch,
Figure 2, with O-ring, 3-3, or other Oscilloscope
Triggering Device

30 cc. R-42455-51 Add Spacer, R-42454, O-ring, 2-28, and Sleeve,
R-41940, to 20 cc. Bomb with Body, R-42455-51

30 cc, R-42455 Add Spacer, R-42454, O-ring, 2-28, and Sleeve,
R-41940, to 20 cc. Bomb with Body, R-42455

40 cc, R-42455-51 Add Spacer, R-42454-51, O-ring, 2-28, and Sleeve,
R-41940-51, to 20 cc, Bomb with Body, R-42455-51

40 cc. R-42455 Add Spacer, R-42454-51, O-ring, 2-28, and Sleeve,
R-41940-51, to 20 cc. bomb with Body, R-42455

50 cc. R-42455-51 Add Spacer, R-42454-52, O-ring, 2-28, and Sleeve,
R-41940-52, to 20 cc, Bomb with Body, R-42455-51
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10.

11,

Nominal
Test
Volume Body Parts
50 cc. R-42455 Add Spacer, R-42454-52, O-ring, 2-28, and Sleeve,

R-41940-52, to 20 cc. Bomb with Body, R-42455

Generally, the best test volume for low output initiators is from about 15 cc. to
30 cc., while higher output pressure initiators should be tested at volumes of
about 25 cc, to 40 cc, Larger bomb volumes can be obtained by attaching various
combinations of Spacers together.

Check to see that the Sleeve (R-41940, R-41940-51, or R-41940-52) does not ob-
struct the pressure port and that it does not slide across the pressure port during
subsequent handling.

Position the assembled bomb (without initiator) with the initiator port in the
Adapter up. Determine the volume by filling the bomb with water through the
initiator port (1 ml. water per 1 cc., volume). To adjust the volume, remove the
Adapter and add or subtract Washers, R-42456, as needed (one Washer changes
the volume by approximately 0.5 cc.)., The Screw, MS9317-02, should be used
during all tests to prevent the threads in the Plug, R-42457, from being damaged.

Record the combination of parts used to obtain the desired volume so that the bomb
does not have to be calibrated for every test, The bomb should be recalibrated
periodically to assure the correct volume.

For testing plug-and-shell squibs, strip the leadwires of insulation and solder
them to the pins of pressure terminal #3344 making the leads as short as possible
(Figure 4}, Terminal #3344 is used with Adapter, R-41913 (basic), and O-ring
3-3. Other methods of mounting plug-and-shell squibs in the bomb may be used.

When using a gap switch to measure initiator functioning time or to trigger the
oscilloscope (used with Body, R-42455 (basic), only), the pins of pressure
terminal #3344 may need to be slightly bent away from the Adapter if a plug-and-
shell squib is being tested. Connect the trigger switch leads to the oscilloscope
trigger input terminals.

If the initiator has been temperature conditioned {the bomb assembly need not be
conditioned), complete enough of the test setup before removing the initiator from
the conditioning chamber so that the initiator can be fired within three minutes
after removal from conditioning,

CHECK TO ASSURE THAT ALL BOMB PORTS ARE PLUGGED, PLACE THE
BOMB IN A STEEL BOX, BEHIND A SHIELD, OR IN A SUITABLE OPERATOR-
PROTECTING DEVICE,

For evacuated bomb tests, pump down to the desired vacuum and hold the vacuum
for a minimum of one minute (temperature conditioned initiators must be fired
within three minutes after removal from the conditioning chamber). The vacuum
valve should be closed just a few seconds before firing the initiator,
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Make final instrumentation adjustments, open the camera shutter, fire the initiator
with the recommended firing energy, and close the shutter.

Slowly bleed the pressure by loosening the Adapter, R-41913. Completely dis-
assemble and clean the bomb after each test. Cleaning may only involve brushing
or wiping out the chamber when ''clean' initiators are tested, or it may involve
using detergents and water to remove material deposited by "dirty'' initiators,
Avoid scratching the surfaces of the chamber with stiff wire brushes. The cham-
ber should be restored to as near its original condition as possible, The Sleeves
{(R-41940, R-41940-51, and R-41940-52) which are made from commercial stain-
less seamless tubing may be replaced periodically to maintain a clean bomb in-
terior. New closed bomb parts should be degreased before using.

The bomb assembly should be hydrostatically pressure tested to 5000 psig period-
ically (depending on the amount of usage) to assure the integrity of the metal parts,

DATA REPORTING

A suggested data reporting sheet is presented in Figure 2.a.1 and a filled-in

sample sheet is shown on Figure 2. a. 2.

All of the following parameters may not be of interest for a particular applica-

tion, but the important pressure related parameters are:

L.

(Maximum oscilloscope beam deflection, cm., corrected for
reference drift) {calibrated psi/cm.) + Pj, where P; is the initial
bomb pressure, (15 psia for one atm., etc.)

Pmax (psia)

W

Function time defined as the time interval from input firing current
to first indication of pressure rise on the oscilloscope trace.

t] {msec.)

(NOTE: The most accurate measurement of function time can be
obtained with an electronic counter by measuring the time interval
from input current to the closing of the contacts on a foil gap
switch mounted adjacent to the initiator closure.)

Rise time or apparent burning time, defined as the time interval

1

t, (msec.)
from initial pressure rise on the oscilloscope trace to attainment
of maximum pressure.

Pdk' The average slope of the pressure decay curve .during the' first
(psi/msec. ) 10 msec. after maximum pressure. The magnitude of this decay
) rate gives an indication of the rate of heat transfer out of the
homb, particularly for initiators having a large percentage of
condensable vapors.

(NOTE: Beyond 15 to 20 msec., depending on the magnitude of
the 1nitiator heat fiux, the Phoivcon pressure transducer {Item No.
6) Model 401, nonwater-cooled version, will be affected by
thermal heating and will indicate a lower -than-actual pressure.
Consequently, pressure decay rates beyond about 20 to 30 msec.
from firing must be taken with reservations for "hot' initiators.)
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In addition to including a copy of the Polaroid oscilloscope pressure versus
time picture (or the actual photo) on the data sheet, the pressure-time trace may be

replotted on an appropriate scale for comparison with traces from other initiator tests,
>

Figure 2.a. 3 shows a sample replot of an oscilloscope trace. Note that the units for
pressure are psia.
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PROCEDURE 2. b.

CALCULATED PRESSURE OUTPUT OF INITIATORS

SCOPE
This procedure describes a method of estimating maximum pressure produced
by an initiator at various closed bomb volumes using a prediction equation derived from

experimental data.

SUMMARY OF METHOD

The procedure consists of deriving a prediction equation for maximum pressure
based on one experimentally determined pressure-volume data point and an assumed
flame temperature of the burning initiator charge. The equation is used to estimate
maximum pressures at various closed bomb volumes.

PROCEDURE

The most accurate prediction equations are derived from relatively large num-
bers (20 or more) of initiator tests at a fixed closed bomb volume between 15 cc. to
40 cc., depending on the maximum pressure produced by the initiator at the volume.
For lower pressure initiators, the best test volume is usually from 15 cc, to 30 cc.,
while test data for higher pressure initiators should be obtained at volumes of from
25 cc. to 40 cc. The pressure versus volume prediction equation produces a hyper-
bolic curve with the ends of the curves asymptotic to pressure as the ordinate and
volume as the abscissa (Figure 2.b. 1); therefore, at a small test volume, slighterrors
in volume calibration result in large variations in maximum pressure, whereas the use
of large test volumes results in excessive heat losses (thus reduced maximum pres-
sures) to the increased surface area of the bomb cavity walls, The most desirable
choice of bomb volume in which to measure initiator pressure is in the region of maxi-
mum curvature of the pressure-volume curve.

Using the general prediction equation1

P = (P

2 - Pnf) (Vl/VZ) + P

ml nf (1)

where Pp2 is the predicted maximum pressure that would be measured at volume V3,
Pm] is the actual measured maximum pressure at volume V], and Ppr is the partial
pressure of nitrogen at the initiator flame temperature, derive the prediction equation
for the initiator of interest as follows:

1., Determine the final partial nitrogen pressure produced by heating the
, :

nitrogen in the closed bomb to the flame temperature of ihe burning
initiator charge using the equation

1. For derivation of the equation, refer to ""Monthly Technical Progress Report--
Development of a Standard Comparison Test Procedure for Initiators, " 22
December 1964 through 21 January 1965, Thiokol Chemical Corporation-Huntsville
Division Control No. U-65-322A, 12 March 1965,
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Tf Tf
Pnf = Pni ,—r—l = 11,7 535 ) ° 2)

where Ppj is the initial partial nitrogen pressure assumed to be 11. 7 psia
at the initial temperature, Tj, of 535°R. and Ty is the final nitrogen
temperature, in “R., assumed to be the same as the flame temperature of
the burning initiator charge. The flame temperature of the major initiator
charge ingredient may be used as a reasonable estimate of the actual flame
temperature. © As an example, assuming that the flame temperature of an
initiator is 6700°F., the partial nitrogen pressure is found from Equation 2

to be
6,700 _ .
P, = 11.7 <535 > = 146 psia.

2. Substitute the value for P,f determined in the above step into the general
prediction Equation 1 to obtain the prediction equation for the initiator of
interest. To continue the above example, the prediction equation would be

sz = <Pm1 - 146) (VI/V2> + 146.

3. Using the average maximum pressure, P,] in psia, measured in several
initiator tests (20 or more tests are desirable) at a fixed volume, Vi,
reduce the prediction equation derived in Step 2 to two unknowns. For the
above example with an average measured pressure of 715 psia at a volume
of 30 cc., the prediction equation reduces to

sz = (715 - 146) <3O/V2> + 146

or P - 17070 + 146,
p2 V2

4. Generate several data points for chosen volumes from the equation derived
in Step 3, plot the points using a convenient scale, and connect the points
with a smooth curve. The curve can be used to predict maximum initiator
pressure at various closed bomb volumes and should be used as a guide for
selecting closed bomb volumes for additional testing, The most desirable
choice of bomb volume is in the region of maximum curvature of the
pressure-volume curve. As the bomb volume increases significantly, the
initial air (nitrogen) in the closed chamber and the interior surfaces of the
bomb provide '"heat sinks' and cause the actual measured pressures to be
lower than the predicted pressure. Figure 2.b.2 is a sample plot illus-
trating the deviation of measured pressure (of a relatively small initiator)
from the prediction curve at large closed bomb volumes. On the other
hand, attoc small atest volume, small errors in bomb volume calibrationre-~
sultinpossible large deviations of measured pressure fromthe predicted value.

The adiabatic flame temperatures of metal-oxidant mixtures can be calculated by a
method given in the following reference: ''Metal-Oxidant Igniter Materials, "
Bulletin of the Second Symposium on Solid Propellant Ignition, Vol. I, October

2 - 4, 1956, CONFIDENTIAL,
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PROCEDURE 3. a.

HEAT FLUX OUTPUT OF INITIATORS IN A CLOSED BOMB
SCOPE

This procedure describes a method of determining the heat flux output charac-
teristics of initiators using the TX409-1 closed bomb test fixture (R-42453) with Body,
R-42455 (basic). The user of this procedure is assumed to have a fundamental back-
ground in the operation of amplifiers, oscilloscopes, and oscilloscope cameras. The
calibration and operation of the relatively unique heat flux measuring equipment used in
this procedure are described in detail. The thin-film gage (TFG) used as the sensor of
temperature changes is not suited for use with highly brisant initiators nor with
initiators whose exhaust products contain a large amount of slag or hot particles. Also,
the TFG may fail if exposed to hot gas flow continuously for more than 25 milliseconds
because of possible failure of its solder joints,

SUMMARY OF METHOD

The heat flux output characteristics of an initiator are determined in this proce-
dure by firing the initiator into a closed bomb test chamber, sensing the transient
temperatures at the surface of a heat flux gage during burning of the initiator charge,
and converting the temperature versus time signal to heat flux versus time (to the gage
surface) by a direct electric analogue method. When only temperature is recorded,
use the instrumentation setup described in Procedure 3.c¢, Initiator heat flux output
characteristics can be measured at closed bomb volumes of 20, 30, 40, or 50 cc. (or

between volumes).

APPARATUS

The apparatus for the closed bomb heat flux test consists of the following items
(refer to Equipment and Materials List, Page 3, for details):

Item Item
No. Name No. Name
1 Closed Bomb (Fig. 1) 12 Power Supply, d.c.
2 Oscilloscope 13 Wheatstone Bridge
3 Camera, Oscilloscope 14 Potentiometer
4 Preamplifier, Type K 15 Muffle Furnace
8 Foil Gap Switch & Triggering Circuit (Fig. 2) 16 Pyrometer Controller
10 Thin-Film Gage 17  Thermocouple
11 Ileat Rate Analogue Unit 18 Decade Box {2 Req'd)

1. Solder currently used on some thin-film gages melts at 390°F. TFG's with higher
melting point solder should be used if available. Also, TFG's with low gage re-
sistances (less than 50 ohms) may hold up better under repeated testing because of
their thicker platinum films.
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PROCEDURE

Setup and Calibration of Instrumentation

1.

Refer to the manufacturers' manuals (Appendix A) for the finer details concerning
calibrating, connecting, tuning, and operating the equipment. Use coaxial cabling
with UHF or BNC connectors, where possible, for connecting all equipment.

Calibrate the thin-film gage (Item No, 10) using the following procedure. Figure 5
shows a suggested data sheet to aid in recording the pertinent gage information,
(Figure 6 is a sample of a filled-in data sheet.)

a. Turn on the muffle furnace (Item No, 15) and the pyrometer controller (Item
No. 16) and set the controller at 100°F,

b. Measure the resistance (within +. 1 ohm) of the thin-film gage at 75+ 1°F.
using the Wheatstone bridge (Item No. 13). It is important that this measure-
ment be accurately made and recorded for later use. This resistance is
designated Rg'

c. Thread the leads of the TFG through a phenolic insulating sleeve approximately
0.5 inch in outside diameter and 10 inches in length and position the TFG so
that only the face on the gage protrudes from the sleeve. Use heat resisting
tape to hold the gage in place.

d. Place a copper-constantan thermocouple (Item No. 17) on the phenolic sleeve
and position the thermocouple junction so that it is even with the face of the
TFG. Use heat resisting tape to hold the thermocouple in place.

e. Connect the leads of the TFG to the Wheatstone bridge.

f. Insert the phenolic sleeve, with TFG and thermocouple attached, into the .
100°F, furnace (through the small circular opening in the furnace door) and
place the TFG and thermocouple next to and in the same plane with the furnace
temperature sensing element.

g. Place the reference junction of the thermocouple in a Dewar flask containing
crushed ice made from distilled water and add enough distilled water to cover
the reference junction. Connect the open leads of the thermocouple to the
potentiometer (Item No. 14). The thermocouple is used to give a more
accurate reading of furnace temperature than the pyrometer controller. The
furnace temperature should be adjusted so that the thermocouple, not the
pyrometer, reads the desired temperature.

h. Measure the resistance of the TFG at 100+ 1°F. Make several measurements
until the resistance of the TFG remains constant for two to five minutes.
Record this value.

i. Raise the temperature of the muffle furnace to 200, 250, 300, and 350°F. and
at each setting allow enough time (two to five minutes) for the TFG resistance
to settle out before recording. (Solder currently used on some TFG's melts at
390°F., while others may have higher temperature solder. In any case,
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calibrate the TFG up to a temperature safely below the melting point of the
solder. )

Plot the five temperature settings and resistance readings to check the
linearity of the TFG and determine the change in gage temperature per degree
F, from the s]lope of the plot (this value, in ohms/°F., is called the gage
constant, & ).

To calibrate the heat rate analogue unit (Item No. 11), a heat flux value, q,
within the expected output range of the initiator must be selected. A value of
720 b.t.u. /ft.%-sec. (same as 5 b.t.u. /in.z-sec. or 195 cal. /cm.“-sec.)

is usually chosen as representative of the range to be measured, (The units
are expressed in b.t.u. /ft. “-sec. because the nomograph, described below
and obtained from NASA-Marshall Space Flight Center, Huntsvilie,

Alabama, is in these units.) A calibration resistor, R., which simulates the
chosen heat flux value (or is its electrical equivalent across the heat rate
analogue unit), must be determined using Figure 7. This figure is a nomo-
graph for the following equation:
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where R¢ is in ohms, ¢ is in ohms/°F., q is in b.t. u. /ft.%-sec., and Rg,
the resistance of the TFG at 75°F., is in ohms.

Following the example given on Page 1 of Figure 7, use the nomograph with
the appropriate range for heat flux, q, to obtain the value of R¢ equivalent to
q. For most cases, locate the 720 b, t, u. /ft, 2_sec. point on the left-hand
ordinate of the log-log plot given on Page 5 of Figure 7. Moveacross (towards
the right) to the appropriate constant "' @ line, ' then vertically (down) to the
appropriate constant Rg curve. From the Rg curve, move across (towardsthe
right) to the right-hand ordinate of the figure and read the calibration resist-
ance Rc. (Note the ' ¢ scale' reading aid on Page 6 of Figure 7.) This value
of Rc is the calibration resistance for the analogue circuit, When this value
of R is used as described in the calibration Steps 3 through 10 (below), the
vertical deflection on the oscilloscope for a given Rg and ¢ will correspond to
720 b.t.u. /ft. 2-sec.

Mount the calibrated TFG in a Holder (R-42208) using Figure 8 as a guide.

3. Without turning on the chopper power supply (Item No. 1la), connect it to a 110-
volt a. c. outlet and connect the power supply output to the chopper (Item No. 11b).
Put the chopper output phone plug into the power supply jack labeled "CHOPPER
OFF., "

1. Another (approximate) method of calculating @ is using the equation & = e Rg,

where @ is the coefficient of thermal expansion (, 00125 ohms/ohm-deg. F.) of
Liquid Bright #05-X platinum paint, manufactured by Hanovia Chemical & Manu-
facturing Co., East Newark, N.J., and where Rg is the TFG resistance at 75°F,
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10.

11.

12,

13.

Connect the heat rate analogue unit (Item 11) connector labeled "SCOPE' through
the preamplifier (Item No. 4) to one beam of the oscilloscope (Item No. 2). (If
temperature versus time is also to be recorded, connect the connector labeled ""TO
OR FROM PREAMP. " to the other beam through the amplifier (Item No. 9) to the
oscilloscope. Use of two different beams of the oscilloscope allows the display of
heat flux at one sweep speed and temperature at another sweep speed.)

Connect the analogue unit connector labeled "DC VOLTAGE" to the d.c. power
supply (Item No. 12) and the analogue unit connector labeled "GAGE' to a decade
box (Item No. 18b) set to the same ohmic value as the 75°F, resistance of the TFG
(Rg) recorded in Step 2. b., above.

Set the other decade box (Item No. 18a) to the exact value of the calibrating resist-
ance (R.) as determined in Step 2. j., above, and connect the decade box to the
chopper.

Zero the oscilloscope with the analogue circuit (power supplies) off.

Remove the chopper output phone plug from the chopper power supply jack labeled
""CHOPPER OFTF' and connect it to the analogue jack labeled "CALIBRATE, "

Turn on the chopper power supply and turn on and set the d. c. power supply output
to 50 volts., Adjust the sweep speed of the oscilloscope so that the square wave
produced by the chopper will be displayed on the oscilloscope screen,

Calibrate the oscilloscope by adjusting the gain to give a 2-cm. peak-to-peak beam
deflection for the chosen value of the calibration resistance R.. The choice of a
2-cm. deflection corresponding to the value of R¢ is arbitrary. However, a 2-cm.
deflection for a heat flux calibration point of q = 720 b. t, u, /ft. 2.sec.

(5 b. t.u. /in. 2 _sec. or 195 cal. /cm. -sec. ) will allow the heat flux trace obtained
from most initiators to be distributed across the four active vertical centimeters
on the oscilloscope. The scale will be approximately linear over the operational
range and will have the following conversion constants per centimeter: either

360 b. t. u. /ft. 2 -sec. , 2.5 b.t, u. /in. 2_sec. , or 97.5 cal. /cm. 2-sec. for each
centimeter of vertical deflection on the oscilloscope. The analogue circuit is not
linear throughout the total heat flux range, but it is probably within +15% which is
considered to be the reproducibility of the total measuring system.

Turn off the analogue circuit (power supplies), disconnect the chopper from the
analogue unit jack labeled "CALIBRATE, ' and connect the chopper output phone
plug to the chopper power supply jack labeled "CHOPPER OFF. "

Disconnect the decade box from the analogue unit connector labeled "GAGE. "

Install the calibrated, mounted TFG in the assembled closed bomb (see Step 4 of
Assembly, Calibration, and Use of the Bomb, below) and connect the TFG leads to
the analogue unit connector labeled "GAGE, '

Mount the camera (Item No. 3) on the oscilloscope and load it with Type 47

ASA 3000 Polaroid film. Various types of initiators differ widely in heat flux out-
put characteristics and no one oscilloscope sweep speed setting is appropriate for
all tests. A recommended sweep speed for initial tests is 1 millisecond/cm.
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Slower recording speeds (such as 5 msec. /cm. ) or faster recording speeds (such
as 0.5 msec, /cm. ) may be selected as required to assure that the entire initiator
functioning period is recorded (the oscilloscope screen is 9 cm. wide), A slow
oscilloscope sweep speed requires the use of lower graticule lighting and allows
less intensity to be used on the beam (trace). The film exposure time is deter-
mined by the duration of the sweep and the persistence of the cathode ray tube
phosphor; however, the shutter speed is normally set to bulb (B) and the shutter'is
manually opened and closed to photograph the initiator firing, With the above in
mind, use an aperture opening of /2 or f/3 to achieve a balance between graticule
and oscilloscope beam focus. Beam intensity and duration must be the reference
points for camera settings while graticule focus is the by-product.

Adjust the astigmatism and intensity controls of the oscilloscope for a sharp beam.
Set the oscilloscope beam for a single sweep.

Adjust the oscilloscope so that a small signal (on the order of 200 millivolts)
impressed across the trigger input terminals will sweep the beam. Select a
method of triggering the oscilloscope (Appendix C). A foil gap switch (similar to
one described as Item No. 8) or a breakwire (illustrated in Figure 2) should be
used to trigger the beam rather than a trigger source provided by the power sup-
ply used to fire the initiator. The gap switch gives a more reproducible, faster
(less than 2 microseconds delay) performance. Figure 3 schematically illustrates
the layout of the instrumentation for measuring heat flux as well as for pressure
described in Procedure 2. ' '

Assembly, Calibration, and Use of the Bomb

“ 1,

2.

The temperature of the room in which the test is conducted and of the bomb should
be between 70°F. and 80°F.

IF AN APPROXIMATE MAXIMUM PRESSURE OUTPUT OF THEINITIATOR BEING
TESTED IS NOT KNOWN BUT IS EXPECTED TO BE AS HIGH AS 3000 PSIG IN A
SMALL VOLUME, MAKE THE INITIAL TEST AT A LARGE VOLUME (SUCH AS
50 cc.) TO ASSURE THAT THE BOMB WORKING PRESSURE OF 3000 PSIG ISNOT
EXCEEDED,

Alternately, the maximum pressure output of the initiator may be estimated for the
test volume by the method given in Procedure 2.b., if the maximum pressure out-
put of the initiator is known for some other volume,

If the pressure output of the initiator is to be measured concurrently with heat flux,
follow Procedure 2.a. using a separate oscilloscope beam for pressure. If
temperature is also to be measured along with heat flux, record pressure on the
split temperature beam using the sweep speed selected for recording pressure, If
pressure is not to be measured, an 18 - 1.5 mm. threaded plug, with O-ring 2-19,
may be used to seal the pressure port, or the pressure transducer (Item No. 6)
may be used. (The face of the transducer must be coated with zinc chromate

puttv to protect it from initiator exhanst products.)

Using drawing R-42453 (Figure 1) and the following tabulation as guides, assemble
the closed bomb test fixture. ZLubricate all O-rings with Celvacene.
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Nominal
Test
Volume Parts
20 cc. Body, R-42455
Plug, R-42457, with O-ring, 2-28
Plug, MS9015-04, with O-ring, 3-4, or, for vacuum tests, Union,
ANB815-4C, with O-ring, 3-4, and Vacuum Valve
Screw, MS9317-02
Washer, R-42456, as required
Adapter, R-41913--appropriate threads, with O-ring, 2-28, and ap-
propriate O-ring for Initiator
Plug, R-42459
Holder, R-42208, with O-ring, 2-12, and O-ring, 2-7 (Normally the
TFG is positioned on the centerline of the bomb cavity. Stack
two Holders together for centerline positioning. Use one
Holder to position the TFG flush with the cavity wall. Use
O-rings on all mating parts.)
Thin-Film Gage, PTF50-P24-4F, mounted in Holder, R-42208,
(Figure 8)
Gap Switch, -Item No. 8, with O-ring, 3-3, or Breakwire Triggering
Device
Pressure Transducer, PRP #401, with O-ring, 2-12, or, for no
pressure measurement, 18 mm. Plug with O-ring, 2-12
30 cc, Add Spacer, R-42454, O-ring, 2-28, and Sleeve, R-41940, to 20 cc.
Bomb '
40 cc. Add Spacer, R-42454-51, O-ring, 2-28, and Sleeve, R-41940-51, to
20 cc. Bomb
50 cc. Add Spacer, R-42454-52, O-ring, 2-28, and Sleeve, R-41940-52, to

20 cc., Bomb

Larger volumes can be obtained by attaching various combinations of Spacers to-
gether.

Check to see that tHe Sleeve (R-41940, R-41940-51, and R-4i940-52) does not
interfere with the thin-film gage and that it does not slide against the gage during
subsequent handling,

The platinum strip of the thin-film gage should always be positioned perpendicular
to the centerline of the bomb cavity, while the face of the gage should be parallel
to the centerline,

Position the assembled bomb (without initiator) with the initiator port in the
Adapter up. Determine the volume by filling the bomb with water through the
initiator port (1 ml. water per 1 cc, volume). To adjust the volume, remove the
Adapter and add or subtract Washers, R-42456, as needed (one Washer changes
the volume by approximately 0.5 cc.). When testing in a 20 cc. (or less) volume,
check to assure that the Washers do not interfere with the thin-film gage. The
Screw, MS9317-02, should be used during all tests to prevent the threads in the
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Plug, R~42457, from being damaged.

Record the combination of parts used to obtain the desired volume so that the bomb
does not have to be calibrated for every test. The bomb should be recalibrated
periodically to assure the correct volume.

For testing plug-and-shell squibs, strip the leadwires of insulation and solder
them to the pins of pressure terminal #3344 making the leads as short as possible
(Figure 4). Terminal #3344 is used with Adapter, R-41913 (basic), and O-ring,
3-3. Other methods of mounting plug-and-shell squibs in the bomb may be used.

When using a gap switch to trigger the oscilloscope, the pins of pressure terminal
#3344 may need to be slightly bent away from the Adapter if a plug-and-shell squib
is being tested. Connect the trigger switch leads to the oscilloscope trigger input
terminals,

If the initiator has been temperature conditioned (the bomb assembly need not be
conditioned), complete enough of the test setup before removing the initiator from
the conditioning chamber so that the initiator can be fired within three minutes
after removal from conditioning,

CHECK TO ASSURE THAT ALL BOMB PORTS ARE PLUGGED. PLACE THE
BOMB IN A STEEL BOX, BEHIND A SHIELD, OR IN A SUITABLE OPERATOR-
PROTECTING DEVICE,

For evacuated bomb tests, pump down to the desired vacuum and hold the vacuum
for a minimum of one minute (temperature conditioned initiators must be fired
within three minutes after removal from the conditioning chamber). The vacuum
valve should be closed just a few seconds before firing the initiator.

Make final instrument adjustments, open the camera shutter, fire the initiator with
the recommended firing energy, and close the shutter.

Slowly bleed the pressure by loosening the Adapter, R-41913, Completely dis-
assemble and clean the bomb after each test, Cleaning may only involve brushing
or wiping out the chamber when ‘‘clean' initiators are tested, or it may involve
using detergents and water to remove material deposited by ''dirty" initiators.
Avoid scratching the surfaces of the chamber with stiff wire brushes. The cham-
ber should be restored to as near its original condition as possible, The Sleeves
(R-41940, R-41940-51, and R-41940-52) which are made from commercial stain-
less seamless tubing may be replaced periodically to maintain a clean bomb
interior. New closed bomb parts should be degreased before using.

Measure the resistance of the TFG at 75+ 1°F, using the Wheatstone bridge and
compare this value with the pretest resistance (Rg) obtained in Step 2. b. of Setup
and Calibration of Instrumentation, above. The resistance should always return
to within 10% of its original value; otherwise, the test results should be voided and
the test repeated., 1Ii the 75" F., posificing resistance of a gage has not increased
by more than about 60% of its prefiring resistance when 'new' and if the platinum
strip appears to be relatively unchanged when viewed under a microscope (after
washing), the TFG may be reused after it has been recalibrated, as described in
Step 2 of Setup and Calibration of Instrumentation, above. If the new gage constant
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& 1is not relatively constant over the calibration temperature range, discard the
TFG.

15, The bomb assembly should be hydrostatically pressure tested to 5000 psig period-
ically (depending on the amount of usage) to assure the integrity of the metalparts,

DATA REPORTING

A suggested data reporting sheet is presented in Figure 3.a.1, and a filled-in
sample sheet is shownon Figure 3.a.2. In addition to including a copy of the Polaroid
oscilloscope heat flux versus time plot {(or the actual photo) on the data sheet, the g
versus time trace may be replotted on an appropriate scale for comparison with traces
from other initiator tests. Figure 3,a.3 shows a sample replot of an oscilloscope
trace from the heat rate analogue unit, Note that the heat flux scales are given in both
cal. /cem. “-sec. units and b. t. u. /ft. % -sec. units.
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PROCEDURE 3., b.

HEAT FLUX OUTPUT OF INITIATORS IN AN OPEN TUBE

SCOPE

This procedure describes a method of determining the heat flux output charac-
teristics of initiators using an open-tube test fixture. 1 The thin-film gage (TFG) used
as the sensor of temperature changes is not suited for use with highly brisant initiators
nor with initiators whose exhaust products contain a large amount of slag or hot parti-
cles. Also, the TFG may fail if exposed to hot gas flow continuously for more than 25
milliseconds because of possible failure of its solder joints.

SUMMARY OF METHOD

This procedure is the same as described in Procedure 3.a., except for the
deviations noted herein. The heat flux output characteristics of an initiator are deter-
mined by firing the initiator into an open-tube test fixture, sensing the transient
temperature at the surface of a heat flux gage during burning of the initiator charge,
and converting the temperature versus time signal to heat flux versus time by a direct
electric analogue method. When temperature only is recorded, use theinstrumentation
setup described in Procedure 3. c.

APPARATUS

" The apparatus for the open-tube heat flux test consists of the following items
(refer to Equipment and Materials List, Page 3, for details):

Item ‘ Item
No. Name No. Name
2  Oscilloscope 13 Wheatstone Bridge
3 Camera, Oscilloscope 14 Potentiometer
4 Preamplifier, Type K 15 Muffle Furnace
8 Foil Gap Switch & Triggering Circuit (Fig, 2) 16 Pyrometer Controller
10 Thin-Film Gage 17 Thermocouple
11  Heat Rate Analogue Unit 18 Decade Box (2 Req'd)
12 Power Supply, d.c. 19 Open-Tube Fixture (Fig. 9)

1, This procedure should not be used as a standard method of comparing initiator heat
flux output (in the manner that the closed bomb procedure can be used) because no
attempt has been made to ''standardize' an open-tube test fixture. The fixture
{Item No. 19) illustrated in Figure 9 is one version of an open-tube test fixture; the
user of this procedure should design a fixture particularly suited for his needs,
The inside diameter of the tube should be as close to the exhaust diameter of the
initiator as possible, and the thin-fiim gage should be located at a distance egqualto
at least five diameters from the initiator., The open-tube fixture is especially use-
ful for studying the closure rupture and one-dimensional gas flow characteristics
of an initiator during development,

2. Solder currently used on some thin-film gages melts at 390°F, TFG's with higher
melting point solder should be used if available. Also, TFG's with low gage re-
sistances (less than 50 ohms) may hold up better under repeated testing because of
their thicker platinum films.
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PROCEDURE

Setup and Calibration of Instrumentation

1,

Refer to the manufacturers' manuals (Appendix A) for the finer details concerning
calibrating, connecting, tuning, and operating the equipment. Use coaxial cabling
with UHF or BNC connectors, where possible, for connecting all equipment,

Calibrate the thin-film gage (Item No. 10) using the following procedure. Figure 5
shows a suggested data sheet to aid in recording the pertinent gage information.
(Figure 6 is a sample of a filled-in data sheet.)

a. Turn on the muffle furnace (Item No. 15) and the pyrometer controller (Item
No. 16) and set the controller at 100°F.,

b. Measure the resistance (within x. 1 ohm) of the thin-film gage at 75 :1°F.
using the Wheatstone bridge (Item No, 13), It is important that this measure-
ment be accurately made and recorded for later use.

c. Thread the leads of the TFG through a phenolic insulating sleeve approximately
0.5 inch in outside diameter and 10 inches in length and position the TFG so
that only the face of the gage protrudes from the sleeve., Use heat resisting
tape to hold the gage in place.

d. Place a copper-constantan thermocouple (tem No. 17) on the phenolic sleeve
and position the thermocouple junction so that it is even with the face of the
TFG. Use heat resisting tape to hold the thermocouple in place.

e. Connect the leads of the TFG to the Wheatstone bridge.

f., Insert the phenolic sleeve, with TFG and thermocouple attached, into the
100°F. furnace (through the small circular opening in the furnace door) and
place the TFG and thermocouple next to and in the same plane with the furnace
temperature sensing element.

g. Place the reference junction of the thermocouple in a Dewar flask containing
crushed ice made from distilled water and add enough distilled water to cover
the reference junction. Connect the open leads of the thermocouple to the
potentiometer (Item No. 14), The thermocouple is used to give a more
accurate reading of furnace temperature than the pyrometer controller. The
furnace temperature should be adjusted so that the thermocouple, not the
pyrometer, reads the desired temperature.

h. Measure the resistance of the TFG at 100+ 1°F, Make several measurements
until the resistance of the TFG remains constant for two to five minutes, Re-
cord this value.

i. Raise the temperature of the muffle furnace to 200, 250, 300, and 350°F. and
at each setting allow enough time (two to five minutes) for the TFG resistance
to settle out before recording. (Solder currently used in some TFG's melts
at 390°F., while others may have higher temperature solder. In any case,
calibratethe TFGup to atemperature safely below the melting point of the solder.)
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j.  Plot the five temperature settings and resistance readings to check the
linearity of the TFG and determine the change in gage temperature per degree
F. from the slope of the plot (this value, in ohms/°F,, is called the gage
constant, ¢ ).

To calibrate the heat rate analogue unit (Item No. 11), a heat flux value, q,
within the expected output range of the initiator must be selected. A value of
720 b.t.u. /ft.2-sec. (same as 5 b.t.u. /in. 2-sec. or 195 cal, /cm. 2-sec. )

is usually chosen as representative of the range to be measured, (The units
are expressed in b. t, u, /ft. %2 _sec. because the nomograph, described below
and obtained from NASA-Marshall Space Flight Center, Huntsville,

Alabama, is in these units.) A calibration resistor, R., which simulates the
chosen heat flux value (or is its electrical equivalent across the heat rate
analogue unit), must be determined using Figure 7. This figure is a nomo-
graph for the following equation:

. 2
/
10, 000 2000 + R_ ®q <4100 + Rg>
Re % ~%gq 2100 + 1

441 x 10

100

where R is in ohms, @ is in ohms/°F., q is in b, t. u. /ft. 2% -sec. , and Rg,
the resistance of the TFG at 75°F., is in ohms.
Following the example given on Page 1 of Figure 7, use the nomograph with
the appropriate range for heat flux, q, to obtain the value of R. equivalent to
q. For most cases, locate the 720 b. t.u, /ft. % -sec. point on the left-hand
ordinate of the log-log plot given on Page 5 of Figure 7. Moveacross (towards
the right) to the appropriate constant "' ® line, ' then vertically (down) to the
appropriate constant Rg curve. From the Ry curve, move across (towardsthe
right) to the right-hand ordinate of the figure and read the calibration resist-
ance Rc.. (Note the '' @ scale' reading aid on Page 6 of Figure 7.) This value
of R¢ is the calibration resistance for the analogue circuit. When this value
of Rc is used as described in the calibration Steps 3 through 10 (below), the
vertical deflection on the oscilloscope for a given Rg and ¢ will correspond to
720 b. t. u. /ft. > -sec.

k. Mount the calibrated TFG in the holder designated for use with the open-tube
fixture,

Without turning on the chopper power supply (Item No., lla), connect it to a 110-
volt a, c. outlet and connect the power supply output to the chopper (Item No. 11b),
Put the chopper output phone plug into the power supply jack labeled "CHOPPER
OFF."

Connect the heat rate analogue unit (Item 11) connector labeled "SCOPE" through
the preamplifier (Item No. 4) to one beam of the oscilloscope (Item No. 2). (If

Another (approximate) method of calculating ¢ is using the equation & = a Rg,
where a is the coefficient of thermal expansion (. 00125 ohms/ohm-deg. F. ) of

Liquid Bright #05-X platinum paint, manufactured by Hanovia Chemical & Manu-
facturing Co., East Newark, N.J., and where Rg is the TFG resistance at 75°F,
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10.

11,

12,

13,

temperature versus time is also to be recorded, connect the connector labeled ""TO
OR FROM PREAMP. " to the other beam through the amplifier (Item No. 9) to the
oscilloscope. Use of two different beams of the oscilloscope allows the display of
heat flux at one sweep speed and temperature at another sweep speed.)

Connect the analogue unit connector labeled "DC VOLTAGE'" to the d. c. power
supply (Item No. 12) and the analogue unit connector labeled "GAGE'" to a decade
box (Item No. 18b) set to the same ohmic value as the 75°F. resistance of the TFG
(Rg) recorded in Step 2.b., above.

Set the other decade box (Item No. 18a) to the exact value of the calibrating resist-
ance {R.) as determined in Step 2.j., above, and connect the decade box to the
chopper,

Zero the oscilloscope with the analogue circuit (power supplies) off,

Remove the chopper output phone plug from the chopper power supply jack labeled
"CHOPPER OFF'" and connect it to the analogue jack labeled "CALIBRATE., "

Turn on the chopper power supply and turn on and set the d. c. power supply output
to 50 volts. Adjust the sweep speed of the oscilloscope so that the square wave
produced by the chopper will be displayed on the oscilloscope screen.

Calibrate the oscilloscope by adjusting the gain to give a 2-cm. peak-to-peak beam
deflection for the chosen value of the calibration resistance Rc. The choice of a
2-cm. deflection corresponding to the value of R, is arbitrary. However, a 2-cm.
deflection for_a heat flux calibration goint of g = 720 b, t, u. /ft. 2 _sec.

(5 b.t.u. /in. “-sec. or 195 cal. /cm. “-sec.) will allow the heat flux trace obtained
from most initiators to be distributed across the four active vertical centimeters
on the oscilloscope. The scale will be approximately linear over the operational
range and will have the following conversion constants per centimeter: either

360 b.t,u. /ft.2-sec., 2.5 b.t.u. /in. 2_sec. , or 97.5 cal, /cm.z-sec. for each
centimeter of vertical deflection on the oscilloscope. The analogue circuit is not
linear throughout the total heat flux range, but it is probably within £15% which is
considered to be the reproducibility of the total measuring system.

Turn off the analogue circuit (power supplies), disconnect the chopper from the
analogue unit jack labeled "CALIBRATE, ' and connect the chopper output phone
plug to the chopper power supply jack labeled '"CHOPPER OFF, "

Disconnect the decade box from the analogue unit connector labeled "GAGE, "

Install the calibrated, mounted TFG in the open-tube test fixture (see Step 3 of
Use of the Open-Tube Test Fixture, below) and connect the TFG leads to the
analogue unit connector labeled "GAGE. "

Mount the camera (Item No., 3) on the oscilloscope and load it with Type 47

ASA 3000 Polaroid film. Various types of initiators differ widely in heat flux out-
put characteristics and no one oscilloscope sweep speed setting is appropriate for
all tests, A recommended sweep speed for initial tests is 1 millisecond/cm.
Slower recording speeds (such as 5 msec, /cm, ) or faster recording speeds (such
as 0.5 msec, /cm. ) may be selected as required to assure that the entire initiator
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functioning period is recorded (the oscilloscope screen is 9 cm. wide). A slow
oscilloscope sweep speed requires the use of lower graticule lighting and allows
less intensity to be used on the beam (trace). The film exposure time is deter-
mined by the duration of the sweep and the persistence of the cathode ray tube
phosphor; however, the shutter speed is normally set to bulb {B) and the shutter is
manually opened and closed to photograph the initiator firing. With the above in
mind, use an aperture opening of /2 or £/3 to achieve a balance between graticule
and oscilloscope beam focus, Beam intensity and duration must be the reference
points for camera settings, while graticule focus is the by-product.

Adjust the astigmatism and intensity controls of the oscilloscope for a sharp beam.

Adjust the oscilloscope so that a small signal (on the order of 200 millivolts)
impressed across the trigger input terminals will sweep the beam. Selecta
method of triggering the oscilloscope (Appendix C). A foil gap switch (similar to
one described as Item No. 8) or a breakwire (illustrated in Figure 2) should be
used to trigger the beam rather than a trigger source provided by the power supply
used to fire the initiator. The gap switch gives a more reproducible, faster (less
than 2 microseconds delay) performance. Figure 3 schematically illustrates the
layout of the instrumentation for measuring heat flux.

The temperature of the room in which the test is conducted and of the test fixture

Assemble the gap switch (Item No. 8) or breakwire device (Figure 2) into the open-
tube fixture and connect the leads to the oscilloscope trigger input terminals,

The TFG should be securely fastened in place. The TFG may be positioned along
the centerline of the tube or flush with the tube wall. The platinum strip should
always be positioned perpendicular to the centerline of the fixture,

If the initiator has been temperature conditioned (the fixture need not be condi-

tioned), complete enough of the test setup before removing the initiator from the
conditioning chamber so that the initiator can be fired within three minutes after

PLACE THE FIXTURE IN A STEEL BOX, BEHIND A SHIELD, OR IN A SUITABLE

Make final instrument adjustments, open the camera shutter, fire the initiator with
the recommended firing energy, and close the shutter.

14, Set the oscilloscope beam for a single sweep.
Use of the Open-Tube Test Fixture
1.
should be between 70°F. and 80°F.
2,
3.
4.
removal from conditioning.
5.
OPERATOR-PROTECTING DEVICE.
6.
7.

Completely disassemble and clean the fixture after each test. Cleaning may only
involve brushing or wiping out the tube when "'clean'' initiators ars tested, or it
may involve using detergents and water to remove material deposited by ''dirty"
initiators. The fixture should be restored to as near its original condition as
possible.
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Measure the resistance of the TFG at 75+ 1°F. using the Wheatstone bridge and
compare this value with the pretest resistance (Rg) obtained in Step 2.b of Setup
and Calibration of Instrumentation, above. The resistance should always returnto
within 10% of its original value; otherwise, the test results should be voided and
the test repeated. If the 75°F, postfiring resistance of a gage has not increasedby
more than about 60% of its prefiring resistance when ''new' and if the platinum
strip appears to be relatively unchanged when viewed under a microscope (after
washing), the TFG may be reused after it has been recalibrated as described in
Step 2 of Setup and Calibration of Instrumentation, above. If the new gage constant
® is not relatively constant over the calibration temperature range, discard the

TFG,

DATA REPORTING

The suggested data reporting sheet (Figure 3.a. 1) given in Procedure 3.a. can

also be used for reporting heat flux data from the open-tube test fixture. Because the
test fixture for this procedure has not been ''standardized, " a detailed sketch of the
fixture used should always be included with the reported data.
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PROCEDURE 3, c.

MEASUREMENT OF TEMPERATURE-TIME HISTORY OF INITIATOR OUTPUT

SCOPE

This procedure describes a method of measuring the temperature-time history
of initiator output when heat flux measurements are not desired. Only the instrumen-
tation setup is covered by this procedure, Procedure 3,a. or 3.b, should be referred
to for details concerning the closed bomb or the open-tube test fixture, whichever is
used. The thin-film gage (TFG) used as the sensor of temperature changes is not
suited for use with highly brisant initiators nor with initiators whose exhaust products
contain a large amount of slag or hot particles., Also, the TFG may fail if exposed to

hot gas flow continuously for more than 25 milliseconds because of possible failure of
its solder joints,

SUMMARY OF METHOD

The temperature-time history of initiator output is determined in this procedure
by firing the initiator into a closed bomb test chamber or an open-tube fixture, sensing
the transient temperatures at the surface of a heat flux gage during burning of the
initiator charge, and recording the signal on an oscilloscope. Because of the compli-
cations involved in converting temperature versus time to heat flux versus time, this
procedure should be used only when a heat rate analogue unit is not available for direct
conversion of temperature-time to heat flux-time. 2

APPARATUS

The apparatus for the temperature-time measurement of initiator output con-
sists of the following items (refer to Equipment and Materials List, Page 3, for
details):

Item Item

No. Name No. Name

1 or Closed Bomb (Fig. 1) 13 Wheatstone Bridge
19 Open-Tube Fixture (Fig. 9) 14 Potentiometer

2 Oscilloscope 15 Muifle Furnace

3 Camera, Oscilloscope 16 Pyrometer Controller

8 Foil Gap Switch & Triggering Circuit (Fig. 2) 17 Thermocouple

9 Amplifier, Dual Trace Plug-in Unit 18 Decade Box (2 Req'd)
10 Thin-Film Gage 20 Bridge Circuit (Fig, 10)

1, Solder currently used on some thin-film gages melts at 390" F, TFG's with higher
melting point solder should be used if available. Also, TFG's with low gage re-
sistances (less than 50 ohms) may hold up better under repeated testing because of
their thicker platinum films,

2. Refer to "Final Report--Development of a Standard Comparison Test Procedure for
Initiators, " Thiokol Chemical ‘Corporation, Huntsville Division, Report No. U-65-23A
May, 1965, for methods of converting temperature-time data to heat flux-time
data.
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PROCEDURE

Setup and Calibration of Instrumentation

1.

Refer to the manufacturers' manuals (Appendix A) for the finer details concerning
calibrating, connecting, tuning, and operating the equipment. Use coaxial cabling
with UHF or BNC connectors, where possible, for connecting all equipment.

Calibrate the thin-film gage (Item No. 10) by the method described in Step 2 of
Setup and Calibration of Instrumentation in Procedure 3.a. Mount the calibrated
TFG in the appropriate holder or fixture,

Calibrate the bridge circuit (Item No. 20) — oscilloscope (Item No. 2) system using
the following procedure:

a. Connect the bridge circuit terminals labeled "SCOPE' to one beam of the
oscilloscope (through the amplifier (Item No. 9)) using coaxial cable. (If the
closed bomb is used and pressure is to be measured, use separate oscillo-
scope beams for pressure and temperature. )

b, Connect a decade box (Item No. 18b) to the bridge circuit terminals labeled
llTFG. n

c. Estimate the total resistance change expected when the initiator is fired.
Estimation of the resistance change is very difficult, but a few general state
ments will help. Usually, a "hot'' output initiator will change the resistance
of the TFG by about 100% during the test; a '"medium'' output initiator will
change the resistance about 60% during the test; and a "'soft' output initiator
will change the resistance about 40% during the test. With this in mind, the
system should be calibrated for 4 centimeters total deflection using 15 to 20
ohms/cm. deflection for "hot'" initiators, 10 to 15 ohms/cm. deflection for
"medium'' initiators, and 5 to 10 ohms/cm. for "'soft' initiators. Generally,
it is better to calibrate for a much higher resistance change than expected for
the first test,

d. Set the decade box to the resistance of the TFG measured in Step 2 plus 25%
of the total resistance change estimated in the above step. Calibrate the
oscilloscope for 1 centimeter deflection.

e. Repeat Step 3.d. setting the decade box to the resistance of the TFG plus 50%
of the total expected resistance change, TFG resistance plus 75% of the re-
sistance change, and TFG resistance plus 100% of the resistance change and
calibrating the oscilloscope for 2, 3, and 4 centimeters deflection,
respectively.

Remove the decade box from the circuit, install the TFG in the test fixture (see
Step 2 of Assembly, Calibration, and Use of the Test Fixture, below), and connect
the TFG leads to the bridge circuit terminals labeled "GAGE, "

Set up and adjust the camera (Item No, 3), oscilloscope, and triggering system
following the procedure given in Steps 13 and 14 of Setup and Calibration of
Instrumentation in Procedure 3.a. Either select the same oscilloscope beam
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sweep speed used for pressure or select a slower or faster sweep as desired.
Figure 11 schematically illustrates the layout of the instrumentation for measuring
temperature.

Assembly, Calibration, and Use of the Test Fixture

1,  The temperature of the room in which the test is conducted and of the fixture
should be between 70°F. and 80°F,

2. Use the appropriate procedures (Procedure 3.a. or Procedure 3.b.) to assemble
and calibrate the closed bomb or open-tube test fixture, whichever is used.
OBSERVE THE SAFETY PRECAUTIONS NOTED IN THESE PROCEDURES,

3, If the closed bomb is used and pressure is to be measured, use separate oscillo-
scope beams for pressure and temperature,.

4. IF THE CLOSED BOMB IS USED, CHECK TO ASSURE THAT ALL PORTS ARE
PLUGGED. PLACE THE TEST FIXTURE IN A STEEL BOX, BEHIND A SHIELD,
OR IN A SUITABLE OPERATOR-PROTECTING DEVICE,

5, Make final instrument adjustments, open the camera shutter, fire the initiator with
the recommended firing energy, and close the shutter.

6. Measure the resistance of the TFG at 75+ 1°F. using the Wheatstone bridge and
compare this value with the pretest resistance. The resistance should always re-
turn to within 10% of its original value; otherwise, the test results should be
voided and the test repeated. If the 75°F. postfiring resistance of the gage has
not increased by more than 60% of its prefiring resistance when ''new'' and if the
platinum strip appears to be relatively unchanged when viewed under a microscope
(after washing), the TFG may be reused after it has been recalibrated as described
in Step 2 of Setup and Calibration of Instrumentation in Procedure 3,a, If the new
gage constant ¢ is not relatively constant over the calibration temperature range,
discard the TFG,

DATA REPORTING

A suggested data reporting sheet is presented in Figure 3.c.1 and a filled-in
sample sheet is shown in Figure 3.c.2. The following parameters should be recorded:

1. T (°F.) = (Maximum oscilloscope beam deflection, cm., corrected
for reference drift) (calibrated °F./cm.) where the
value for the calibrated °F. /cm. is obtained by multi-
plying the calibrated ohms/cm. (Steps 3.c. through 3.e.
of Setup and Calibration of Instrumentation, above) by
the inverse of the gage constant, 1/® , in °F./ohm.

2 t.

2, - Time to maximum temperature defined as the time in-
1 max

terval from first indication ot temperature rise to T

(msec. )

max

In addition to including a copy of the Polaroid oscilloscope temperature versus
time picture (or the actual photo) on the data sheet, the temperature-time trace may be
replotted on an appropriate scale for comparison with traces from other initiatortests.
Figure 3.c.3 shows a sample replot of an oscilloscope trace,
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PROCEDURE 4. a.

INERT-PELLET BREAKUP TEST

SCOPE

This procedure describes a qualitative method of comparing the relative bri-
sance of two or more initiators based on the amount of damage sustained by inert
igniter pellets used as targets for the initiators., The test is not recommended as a
routine standard procedure, but is suited for "first look" comparisons of initiator bri-
sance,

SUMMARY OF METHOD

The relative brisance of two or more initiators is compared in this procedure
by firing the initiators into charges of inert igniter pellets and determining the amount
of damage sustained by the pellets. If a particular application for the initiators is of
interest, the initiators can be compared utilizing actual igniter hardware and inert pel-
lets with the same physical properties, shapes, and sizes as the active pellets,
Additional information can be obtained concurrently by instrumenting the inert-pellet
test chamber for pressure measurements,

MATERIALS

Items Nos, 22, 23, and 24 of the Equipment and Materials List, Page 3, des-
cribe suggested inert-pellet test fixtures and inert versions of two types of igniter pel-
lets; Al-KCl1O4 (ALCLO) pellets and B-KNO3 (2A and 2D) pellets, Inert versions of
other pellets may also be used.

PROCEDURE

1. For use in later correlations, determine the crush strength (longitudinal and axial)
and density of the inert pellets. These properties and the shape and size of the
inert pellet should be as near the same as possible to those of the active pellet.

2. Assemble the inert-pellet test fixture, For comparison tests (when no particular
igniter application is being evaluated), test setups similar to those illustrated in
Figures 12 and 13 may be used. If the initiators are to be compared in the actual
igniter hardware, at least the pellet charge portion of the igniter hardware, with
inert pellets, should be assembled in the same manner as the active igniter. The
choice of quantity and type of inert pellets depends on the availability of materials
and on the expected '"brisance' of the initiators being tested. Generally, for more
brisant output initiators, better results are obtained with larger quantities of inert
pellets. Record the total weighi, in grams, of inert pellets.

3., PLACE THE ASSEMBLED INERT-PELLET TEST FIXTURE IN A STEEL BOX,
REHIND A SHIELD, OR IN A SUITABLE OPERATOR-PROTECTING DEVICE,

1. The physical properties of active pellets may be extremely difficult, if not impos-
sible, to duplicate with inert pellets; therefore, direct application of inert-pellet
breakup test data to actual pellets may not be possible.
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4. Some arrangement should be made to ''catch' broken pieces of igniter pellets
blown out of the test fixture (or igniter).

5. If igniter chamber pressure is measured concurrently, make final instrument
adjustments and fire the initiator(s) with the recommended firing energy.

6., Disassemble the test fixture and sift the inert pellets remaining in the fixture and
those blown out of the fixture through a U.S. Standard No. 12 (0,0661 -inch grid)
sieve. Record the weight, in grams, of pellets.

7. Calculate the ratio of the weight of pellets passing through the sieve to the total
weight of pellets loaded into the fixture. This ratio is called the ''fine fraction"
and may be expressed as a percentage.

8. Visually inspect the inert-pellet charge and separate any pellet which is cracked,
chipped, or otherwise reduced in size.

9. Calculate the ratio of the weight of pellets passing through the sieve (see Step 6)
to the weight of damaged pellets (total loaded weight minus weight of undamaged
pellets). This ratio is called the '"degree of damage' and may be expressed as a
percentage.

10. Repeat the test for the other initiator(s). The number of tests to conduct is left to
the discretion of the user; however, at the very minimum, no less than two tests
should be made with each initiator. Do not reuse the inert pellets.

ANALYSIS OF DATA

Compare the ''fine fraction' and ''degree of damage'' ratios obtained for the
initiators. As with any qualitative test, much of the data analysis is left to the judg-
ment and experience of the procedure user. In addition to using the results of inert-
pellet breakup test data to compare the brisance of initiators, the results may also be
used to estimate increases in igniter chamber pressure due to initiator-damaged pel-
lets. An estimate of the increase in pellet surface area can be obtained based on the
sizes of the broken pellets as determined by using a certain size sieve to measure the
weight of shattered pellets. Corresponding increases in ''steady state' pressure canbe
estimated using the Ky (Pellet Surface Area/Igniter Vent Area) relationship for the
pellet, Although such estimates are rough and usually result in conservative esti-
mates, any information which can be used to determinethe relationship between pel-
let burning-surface area increases due to initiator "shock'' output and corresponding
igniter overpressure is valuable. Use of the inert-pellet breakup test data to estimate
igniter overpressures is illustrated by way of the following example:

Given A pellet tube igniter containing a 60-gram 2A (boron-potassium nitrate)
pellet charge (See Figure 14) utilizes a mild squib X, with almost no shock
output, for initiation. It is desired to substitute squib Y for squib X. Squib
Y is known to have a relatively high ''shock' output, but produces a maximum
pressure in a closed bomb equal to that of squib X. The igniter tube has
165 vent holes, each having a diameter of 0. 13 inch (0.0137 in, 2 area) with
a total orifice area of 2, 1890 in.2. The surface area of a 2A pellet is
0.0736 in.2 and one gram of charge contains 15, 3 pellets.
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Problem To estimate the increase in igniter pressure resulting from the use of the
more brisant squib Y.

Solution By knowing the value of

K - Total Surface Area of Pellets
N Total Orifice Area

an estimate of peak igniter pressure can be obtained from the plot of K
versus chamber pressure for B-KNO; pellets1 shown in Figure 4.a.1. For
this example:

initial K (60 gm. )(15. 3 pellets/gm. )(0.0736 in, 2/pellet)

N 2.1890 in.z
(918)(0. 0736) i 2 67.5933
initial K : ;n’ = S T8%0
N 2.1890 in. :
initial K, = 30.88

and an igniter chamber pressure of 430 psia is obtained from Figure 4. a, 1,

Squib Y is fired into 60 grams of inert 2A pellets {assumed to have physical
properties equal to those of active 2A pellets) loaded into a 165-vent-hole
igniter tube and 6 grams of pellets are shattered enough to pass through a
No. 12 (0,0661-inch grid) sieve, A conservative estimate of the increase in
r v maximum pressure of the igniter can be determined from (1) the weight of
| material passing through the sieve and (2) certain assumptions about the
‘ least increase in surface area of the material that passes through the sieve.
Because the radius of a 2A pellet is approximately equal to the grid size of
the sieve, assume that the largest chunk of 2A pellet that can pass through
the 0.0661-inch grid is a longitudinal quarter section of the pellet. To
quarter a 2A pellet requires two orthogonal slices generating an increase in
‘surface area of:

. = 8r L
incr

where 8 is the number of new faces created of width r (radius of pellet) and
length L (length of pellet). For

r = d/2 = 0,0625in, and L = 0.1875 in.,

(8)(0. 0625)(0. 1875) = 0.0938 in.°

incr

1, Stokes, B.B. and Webb, G. E., ''Literature Survey Report--Standard Initiator Test
Procedure, "' Thiokol Chemical Corporation, Huntsville Division, Report No.
4486-64, May, 1964, p. B44, A CONFIDENTIAL
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Therefore, the percentage increase in area (% Ajncy) for the 6 grams of
shattered pellets compared to the original 60 grams of pellets is:

% A - (6 gm. )(15. 3 pellets/gm. )(0.0938 in, 2/pellet)
incr

(60 gm. }(15. 3 pellets/gm. }(0. 0736 in. 2/pellet)

% A

"

12, 7% or A = 1.127 A
new

incr original’

Consequently, the new value of KN will be:

KN = 1,127 Kinitial = 1,127 (30.88) = 34,8,
new

From Figure 4.a.l, the peak igniter chamber pressure corresponding to

Ky = 34.8 is 510 psia or an increase of about 20% in pressure because of the
increase in pellet burning surface area. To find the absolute percentage
increase, the pressure of the initiator would have to be taken into account.
Although this analysis can obviously not give an exact answer to the question
"What is the increase in igniter pressure resulting from pellet breakup ?",

it is an estimate of increase in pressure assuming a minimum possible in-
crease in the surface area of the material that passed through the No, 12
sieve. A visual inspection of the actual crushed pellets that passed through
the sieve shows that the average particle size is much smaller than aquarter
section of the original 2A pellet. Consequently, the burning-surface area
increase is somewhat greater than the above minimum estimate and the sub-
sequent increase in pressure is greater than 20%. Another estimate of pres-
sure (also on the low side) can be obtained by assuming that the 2A pellet is
quartered down the centerline and cut into three equal pieces longitudinally.
The subsequent area increase gives approximately 28% increase in pressure.
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PROCEDURE 4. b.

GLASS-BLOCK TEST

SCOPE

This procedure describes a qualitative method of comparing the relative bri-
sance of two or more initiators based on the sizes of cavities formed in blocks of
foamed glass used as targets for the initiators. The test is not recommended as a
routine standard procedure, but is suited for ''first look' comparisons of initiator bri-
sance.

SUMMARY OF METHOD

The relative brisance of two or more initiators is compared in this procedure
by firing the initiators into blocks of foamed glass and using the depths and volumes of
the resulting cavities as estimates of the relative "'shock' output of the initiators.

MATERIALS

Items Nos, 25 and 26 of the Equipment and Materials List, Page 3, describe a
suggested glass-block test fixture (Figure 15) and the glass block which are used in
this procedure.

PROCEDURE

1. Assemble the glass-block test fixture. The fixture should confine the glass block
on all sides to minimize the errors caused by shifting of the block during testing.
The initiators must be held firmly against the block., Highly "brisant'' initiators
may require a block of foamed glass larger than the suggested four-inch cube.
The test setup should be identical for each comparison test.

2. PLACE THE ASSEMBLED GLASS-BLOCK TEST FIXTURE IN A STEEL BOX, BE-
HIND A SHIELD, OR IN A SUITABLE OPERATOR-PROTECTING DEVICE.

3. Fire the initiator with the recommended firing energy.

4., Disassemble the test fixture and visually inspect the glass block to ascertain its
condition. If the block is badly cracked, the test may be repeated with lead foil
or some other material between the initiator and the block to attenuate the initiator
output.

5. Determine the depth and the volume of the cavity. The volume may be measured
by a sand or water displacement method.

6. Repeat the test for the other initiator(s) using the same test setup. The number of
tcots to conduct is left to the discretion of the user; however, at the very minimum,

two tests should be made with each initiator,

ANALYSIS OF DATA

Compare the depths and volumes of the cavities created in the glass block by the
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initiators. As with any qualitative test, much of the data analysis is left to the judg-
ment and experience of the procedure user. The results of the glass-block test may be
expected to exhibit the following characteristics:

1.

If the glass block is completely shattered by the initiator and it is impossible to
measure a cavity depth or volume, the fact that the block was shattered still gives
a comparative indication of initiator brisance.

Initiators which emit a large amount of hot particles may cause excessive cavities--

not because of brisant outputs, but because the hot particles melt some of the glass
block,

Measuring errors may be expected to be large for small cavity displacements;
therefore, the outputs of the initiators may best be compared by visually inspecting
the glass blocks,
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w Gap Approx.
‘] . 030

Foil Gap Switch 1-Mil Stainless

(Normally Open) Steel Foil W
Soldered to Pin

l 10,0000

— 9.

= AT

L 10,0000 Scope : :

= 9 v.

T 10,000a I- l
Power Supply Circuit Holex, Inc. _/ U U

#3344 Terminal ﬂ

GAP SWITCH CONCEPT

6-Mil Fuse Wire
Wrapped on Pins

Breakwire Switch
(Normally Closed)

},_

10,0000

2

9 v. Scope

l 40,0004

Holex, Inc. _/

#3344 Terminal ﬂ

Use Coaxial Cable

T

Power Supply Circuit

| —

BREAKWIRE CONCEPT

Figure 2. Foil Gap Switch and Triggering Circuit
(Alternate Breakwire Concept)
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Figure 4.

Plug-and-Shell Initiator
— (or Squib)

Bare Leadwires
Soldered to Pins

Holex, Inc.
” D #3344 Terminal

Method of Mounting a Plug-and-Shell Initiator for
Closed Bomb Testing




DATA SHEET FOR

DETERMINATION OF THIN-FILM GAGE CONSTANT ¢

(Plot a curve of temperature versus resistance for each set of data to obtain &)

Date

- Operator

Gagela b

Gage ‘ g

Temperature | [F5°F.|100°F. [150°F.[200°F. {250°F. {300°F. |350°F. | ®/°F.
Gage b '
Resistance

Gage
ETemperature
Gage
Resistance

a, Number of times the gage has been calibrated to determine a ® value. (Gage]
.may be recalibrated until the value of ® ceases to be a constant between
75°F. and 400°F. Do not use the TFG after the 75°F., postfiring resistance
has been increased 60% unless the temperature versus change in resistance
curve is a straight line,)

b. @ is obtained by plotting the above temperature versus time data and deter-
mining the average slope of the line so the units will be ohms/°F.

SRR

Figure 5. Suggested Data Sheet for Determining Thin-Film Gage Constant &



DATA SHEET FOR
DETERMINATION OF THIN-FILM GAGE CONSTANT ¢

(Plot a curve of temperature versus resistance for each set of data to obtain & )

Operator @.)\.laxTN

Gagela b
No. |n ®
Gage ' Rg .
Temperature 75°F.|100°F. |L150°F.| 200°F. [250°F. |300°F. {350°F. |{ %/°F.
Gage iz -
Resistance B8n| A0= 4z Gal| 44 s AlAln] &2 | st Een| .046

Gage
Temperature

Gage
Resistance

a. Number of times the gage has been calibrated to determine a ® value. (Gage
may be recalibrated until the value of ¢ ceases to be a constant between
75°F. and 400°F. Do not use the TFG after the 75°F., postfiring resistance
has been increased 60% unless the temperature versus change in resistance
curve is a straight line,)

b. ¢ 1is obtained by plotting the above temperature versus time data and deter-
mining the average slope of the line so the units will be ohms/°F.

Figure 6, Sample Filled-In Copy of Figure 5
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Bare TFG Leadwires
Surrounded by
Potting Material

Figure 8.

~

!'f

il

Pz A DA 2N

Thin-Film Gage

Holder R-42208 (2 Reg'd)

O-Ring, No. 2-12 (2 Req'd)
w/Lubricant

O-Ring, No. 2-7 (3 Req'd)
w/Lubricant

Covered TFG Leadwires

Thin-Film Gage Mounted in Holder R-42208
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22.5 v,

22.5 v,

22.5 v,

Figure 10,

Switch

5000 @

0to200@

Bridge Circuit for Thin-Film Gage Temperature Measurements
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1/8”

3/16"
sl
11
2A

Composition of
Designation Active Pellet

L

=

2D

Manufacturer

2A B—KNO3
2D B-K.NO3
ALCLO Al-KClO4

Flare Northern Division
Atlantic Research Corp.
Saugus, California

Flare Northern Division
Atlantic Research Corp.
Saugus, California

Aerojet-General Corp.
Azusa, California

*Appropriate radius and thickness can be selected.

Figure 14,

Descriptions of Three Inert Pellets

s 3/8"

— 1/10"
==3

ALCLO

Manufacturers'
Designation

Inert 2A Pellets with
same physical properties
as Thiokol spec. SP-168

Inert 2D Pellets with
same physical properties|
as Thiokol

Inert ALCLO Pellets
AS8011Z3% - 100%




Plug-and-Shell Initiator

"\\ ]
4

-

-

\

Output Cavity

)/’ Header Initiator
D

/ /

Aluminum Plate

\

—r

Wooden Box-\
.~ Bolt

~ Aluminum
Plate

=)

CS

B = e
L (L7777 .7 7. s
A\ ey

Foamed Glass Block, 4'' x 4" x 4",

Made from 4'" x 18'" x 24" Block of

FOAMGLAS, Pittsburg Corning,
Pittsburg, Pennsylvania

Figure 15. Glass-Block Test Setup




Leadwires to

. Ignition Energy
' Source

Tubing with

/— Leadwires Potted

Inside

Modified
Outlet Valve

Inlet Valve
Bomb Head

-

Screw Cap

MS Connector A
(2 Conductors)

/— Bomb Cylinder

Q?\\ ALARNARRER NS

N
N
NI
N

Figure l.a,1. Parr Bomb Calorimeter Modified for Testing Initiators




INITIATOR CALORIFIC OUTPUT TEST

Initiator Designation S/N
Test Facility Operator
Bomb Conditions . Date
Time|[Temperature
Min.) (°F) Wt. of Water & Bucket gm.
Wt. of Bucket
0
Wt. of Water {or Vol. @ °F) gm. (ml.)
3
4 cas + o
Initial Temperature - = F
5 ; + _ o
Final Temperature - = F
6 Temperature Rise, A T= °F
7 o
Energy Equivalent (Calibr. # ), W= cal. /°F
8
No. of Initiators Clustered, N =
9
Calorific Output per Initiator = W x AT
10 N
11 = X
12 = cal.
13
14 Corrections/Notes:
15
Corrected Calorific Output cal., um—

Figure l.a.2. Suggested Initiator Calorific Output Data Sheet




INITIATOR CALORIFIC OUTPUT TEST

Initiator Designation MG 245\ (MSA) _ S/N__3286

Test Facility Tuvovor Coein . Cage.  Muussaoes Dy, Operator HE Wil

Bomb Conditions 28 ATM . Ve Uomm Date_ 27 Cex G4
Time Temperature .
Min.) °F) Wt. of Water & Bucket 24%.50 gm.
Wt. of Bucket ' A96. 45
0 T2 420 ]
Wt. of Water (or Vol. @1\ 4 °F) . 2,000.05 gm. (ml. )
3 w4 050 | = E— — =
4 T4.090 | Initial Temperature 13420 S oowe - 13392 °F
5 T 419 | Finai Temperature 14.\S5 é 0.09 14.\28 °F
6 T4.\30 Temperature Rise, A T= 0.134 °F
7 T4.140 , o
Energy Equivalent (Cahibr. # 2 ) W =\358\@ cal. /°F
8 74 .50
No. of Initiators Clustered, N = 2
9 T4.1s5
Calorific Output per Initiator = W x AT
10 T4.0sT N
11 14 55 = 1359%.8\ x 0.7134
. 2 .
12 = . 489,69 cal.
13
14 Corrections/Notes:
WPoOWE
15
Corrected Calorific Output 499 cal, Gomm—

Figure l.a.3. Sample Filled-In Copy of Figure 1,a.2
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INITIATOR PRESSURE OUTPUT TEST

Initiator Designation

S/N

Test Facility

Operator

Purpose of Test

Date

Run No.

Oscilloscope Calibration

Pressure
Pressure psi/cm.
Trace 1
PLACE Sweep SEeed
OSCILLOSCOPE
msec. /cm.
PHOTO
HERE Pressure
Pressure psi/cm.
Trace 2
SweeE SEeed
msec. /cm.
Instrumentation Initial Test Conditions

Pressure Transducer

Bomb Pressure

Range of Transducer

Bomb Temp., °F.

Initiator Temp., °F.

Amplifier
Bomb Data
Oscilloscope - .
Dwg.
Camera
Vol., cc.

Remarks

Triggering Device

Data Obtained

P psi{msec.

Figure 2.a.l. Suggested Data Sheet for Closed Bomb Pressure Measurements




INITIATOR PRESSURE OUTPUT TEST

Initiator Designation TN 24¢ (To o)

S/N \O\Z (Lovide)

Purpose of Test T 2emii Bool s

Test Facility Taoen, Cowa Cope, Yowt= Dy Operator = M. iaxth

TSNS, Date

\CS T &R

TR0 Dowrd CAIRNSE

Run No.

\O

Pressure S5 psi/cm.
Trace 1
’ Sweep Speed
| msec. /cm.
Pressure
Pressure win psi/cm.
Trace 2

Oscilloscope Cealibration

- Pressure

Pressure Transducer Puorocon Move 40Y

Range of Transducer O ~o \OOO pii.
Ay

Amplifier Tevxvowny Thee K

|

t T 3 4 5 < 1 = Sweep Speed !

QWeeP PprEe ‘

|

Time , msec msec. /cn.
Instrumentation Initial Test Conditions

Bomb Pressure \ Axm.

Bomb Temp., “F. 1%

Initiator Temp., °F. 15

Oscilloscope Tevovany TNwg SIS

Camera C-\A wre TveeE AT ASh 2000 Bium

Remarks

Dwg.R-42.453 (Do R-42455-51)

Vol., cc. 330

. . . ANATVATTOR
Triggering Device ciging vyt

Clziod Crarey 2200 vouxs O uf

2 WhswuweRe, ’2.-4?,45(9, Vess o ADTUST UGL.

Data Obtained

Pmax’ psia__ 21O
tl’ msec. Q.20
tz, msec. \.RO

P

aK’ psi/msec. |\

L2 <)

Figure 2.a.2. Sample Filled-In

Copy of Figure 2.a.1
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Prediction Curve at Large Bomb Volumes



INITIATOR HEAT FLUX OUTPUT TEST

Initiator Designation

S/N

Test Facility

Operator

Purpose of Test

Date

Run No.

PLACE
OSCILLOSCOPE
PHOTO
HERE

Oscilloscope Calibration

Heat Flux

2
b.t.u. /ft. -sec. per cm,

2
cal. /cm. -sec. per cm,

cm, total deflec:tionl
Sweep Speed

msec. /cm.

Instrumentation

Heat Rate Anal. Unit

Prescribed Oper. Time, msec.

Calibration Resis. (RC), ohms

Initiator Test Conditions

Pressure

Fixture Temp., °F.

Initiator Temp., °F.

Test Fixture

Oscilloscope Open Tube Closed Bomb

Amplifier Dwg. Dwg.

Camera Vol., cc.
Thin-Film Gage Data Remarks

TFG No. S/N

Rg at 75°F. (pretest), ohms

Rg at 75°F, (posttest), ohms

Gage Constant (&), ohms/°F,

Condition of Gage After Test

Figure 3.a.l. Suggested Data Sheet for Heat Flux
Measured with Electric Analogue Unit




INITIATOR HEAT FLUX OUTPUT TEST

Initiator Designation 590 { oy Cou~)

S/N Lot 20

Test Facility Tuwovor Caem . Cope Wt Dy Operator 2. iarra

Purpose of Test <o ClAghc Teg e Date_ \G D=c. 64

WENT TLux  OUTRT O S0 acue Run No. =

Oscilloscope Calibration

Heat Flux
2
240 b.t.u. /ft. -sec. per cm.
2
@5 .08cal, /cm. -sec. per cm.

2 cm. total deflection

Sweep Speed

Q.5 msec. fcm.

Instrumentation

Hezt Rate Anal. Unit N[\%h\— N\%R Noos R

Prescribed Oper. Time, msec. —2z<

Calibration Resis. (Rc)’ ohms A¢

Initiator Test Conditions

Pressure \ Ao,

Fixture Temp., °F. 2

Initiator Temp., °F. 12

Test Fixture

Oscilloscope Tovtromw Tuee S5 Open Tube ! Closed Bomb
|
!
Amplifier  Tecreonmw teg K Dwg. S\e <A 1Dwg. _ wln
Camexja C -\ vyt e 471 ASA 2000 suun iVol. s CC.
Thin-Film Gage Data Rernarks

TFG No. pyr\oo-Pz4-48S/N Q8

Rg at 75°F. (posttest), ohms \76.0

Gage Constant (&), ohms/°F. o.g

Condition of Gage After Test .50 \J\$\\au§;'

ok IGe

GAET LooaTeo on) CRENTERA RS
ov Tuas '

TEACE 2 \S REAT FLuX

THRGGEE0 SCoP WA\TW GARP Switew

Figure 3,a.2., Sample Filled-In Copy of Figure 3.a.l
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INITIATOR TEMPERATURE-TIME OUTPUT TEST

Initiator Designation

S/N

Test Facility

Operator

Purpose of Test

Date

Run No.

PLACE
OSCILLOSCOPE
PHOTO
HERE

Oscilloscope Calibration

Temperature
ohms/cm.
or
(ohms/cm.)(1/® )= °F./cm.
Sweep Speed

msec. /cm.

Instrumentation

Heat Rate Anal. Unit

Prescribed Oper. Temp., msec.

Oscilloscope

Initial Test Conditions

Pressure

Fixture Temp., °F.

Initiator Temp., °F.

Test Fixture

Open Tube Closed Bomb

Amplifier

Camera

Dwg. | Dwg.

Vol., cc.

Thin-Film Gage Data

TFG No. S/N

-~ s ommm O vy e Al
K _at (o &r. (pfﬁLt:bt), chims

g
Rg at 75°F. (posttest), ohms

Data Obtained

T , °F,

max

insec,

T
Tmax’

Gage Constant (&), ohms/°F,

Condition of Gage After Test

Remarks

Figure 3.c.l. Suggested Data Sheet for Temperature-Time Measurements




INITIATOR TEMPERATURE-TIME OUTPUT TEST

Initiator Designation YMNA (xcC poo. X2 S/N Lot =\
Test Facility Tuocow Caspnerin Coeo Yonocs . D, Operator &M hrwh
Purpose of Test_~o oetain Tee T NT ~wo Date_ \ Cew &GS

SWESE oSS

Run No. A

Tirve , msec

Oscilloscope Calibration

Temperature

VG " ohms/cm.

(BOTH TRACKT )

or

(ohms/cm. )(1/s )= \oo °F./cm.

Sweep Speed

R|OTTOM
C.02

ToP

c.7.0 . msec. /cm.

Instrumentation

Hez. Rate Anal. Unit DS - MSEC Move %

Prescribed Oper, Temp., msec. 2

Oscilloscope Ty v gy THoe S55S5

Initial Test Conditions

Pressure \ Acn .

Fixture Temp., “F. 198

Initiator Temp., “F. &

Test Fixture

Amplifier —Teysvaoay poOome == /=4

Camera C-\2 .ot Tuos &1 ATA 2000 Tiow

Open Tube Closed Bomb
Dwg._T\o 5h |Dwg.
Vol,, cc.

Thin-Film Gage Data

TFG No. ore<n .- ©24-4¢ S/N \zo

R_ at 75°F. (pretest), ohms A0
o

R_at 75°F. (posttest), ohms A7

Data Obtained

Gage Constant (&), ohms/°F. oS

Condition of Gage After Test ¢ yowwo=

O N

T .. °F. 3.0 x\00 [ = RGO
tTmax’ msec. B
Remarks

TRAGE S0 Sanem WITHR GAS guoyTaw

Figure 3.c.2.

Sample Filled-In Copy of Figure 3.c.1
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Manual For

Item No, 2

Item No. 3

Item No. 4

Itemns Nos, 5 & 6

Item No. 7

Item No. 9

Item No. 12

Item No. 13

Item No, 14

Item No, 16

Item No. 21

APPENDIX A,

LIST OF OPERATING MANUALS

Description of Manual

Instruction Manual for Type 555/21A/22A Oscilloscope,
Tektronix, Inc., Beaverton, Oregon

Instruction Manual for Type C-19 Oscilloscope Camera,
Tektronix, Inc,

Instruction Manual for Type K Amplifier, Tektronix, Inc,

Instruction Manual for Pressure Transducers and Dynagage,
Photocon Research Products, Pasadena, California

Installation and Maintenance Manual for Dead Weight Tester,
Manning, Maxwell, and Moore, Inc., Stratford,
Connecticut, Manual No, 250-1526

Instruction Manual for Type 53/54C Dual Trace Plug-in
Amplifier, Tektronix, Inc.

Instruction Manual for Model 712-B d, c. Power Supply,
Hewlett-Packard Co., Palo Alto, California

Operating Directions for Model 5305 Wheatstone Bridge,
Leeds and Northrup Co., Philadelphia, Pennsylvania

Operating Directions for Model 8667 Potentiometer,
Leeds and Northrup Co., Booklet 1516

General Instructions for Model 293 Pyrometer Controller,
Thermo Electric Co., Saddle Brook, New Jersey,
Instruction Sheets 100A - 101A, 1959

Operating Instructions for Alinco Circuit Tester Model
101-5AF, Allegany Instrument Co., Cumberland,
Maryland

Oxygen Bomb Calorimetry and Combustion Methods,
Parr Instrument Co., Moline, Illinois, Manual
No, 130
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CITle  covensssasecasse eeee X
2
3
3
cm, cesesesscese e .o =
BIMle s eseovnvocanncsscsns o X

BIM. teenvnesansesssscansse=
Cali tivreerresecncaneaseeX
Cale tiievieeoceneenssenee=
cal, /BMut.eeeieenreenres X
Cal./gmo.....-...........:
gm./Cm. .. iiiiiiiiieiaea X
gM. /CM. . iiirernceena. =
CIM. /S€Ce vivenevennoonses X
CM. /5€Ce vivesenannsnanass
2
cal. /cm., -S€CiuiuieveseeeeeX
2
cal, /cm, -SeCicoesvsesose=
.2
bete W, /in, -8€Cee..ueeneess X
bote, /in, -S€Ceseeseveses=
cal, /CM. eersessassensesesX

2
cal. /em. +sevevninsane ceevesx

A Y =
PCoivronenens Ceeeeaeenn =
°R. N e =

APPENDIX B,

CONVERSIONFACTORSl

. 3937
2.54

. 15500
6.4515
. 061025
16,3872
. 0022046
453, 6

. 0039683
251,996
1.8

. 5555
.036127
27,6814
. 3937
2.54

3. 6867
L2712
144

. 006944
3.6867
2712

1

1

9/5°C. + 32
(°F. - 32)5/9
°F. + 460
°C. +273

T N

"

I

TR

O [ N TRV R R,

»

I

>

1

X

X

in,
in,
.2
in.
2
in.
.3
in,
.3
in,
1b.
1b.
b. t. u.
b. t. u.
b. t. u. /1b,
b. t. u. /1b,
)
1b. /in.

3
1b. /in,
in. /sec,
in, /sec.
b. t. u. /ft.
b. t. u. /ft.
b. t. u. /ft.
b, t. u, /ft,
b. t. u. /ft.
b.t. u. /ft.

-5ecC,
~SecC,
-5ecC,

-secC.,

[SSN SR SS R S A N A

b.t.u. /1b. °F.
b.t.u. /1b. °F.,

1. The conversion factors given for gm. and lb. are 'force equivalents, "
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METHODS OF TRIGGERING THE OSCILLOSCOPE



APPENDIX C,

METHODS OF TRIGGERING THE OSCILLOSCOPE

GENERAL

At least three methods of triggering the oscilloscope can be employed and the
selection of the triggering mechanism to use depends on the purpose of the test. The
three methods are (1) from input firing pulse to the initiator, (2) from the severing of a
breakwire adjacent to the initiator closure, and (3) from the closing of a foil gap switch
placed adjacent to the initiator closure. A brief discussion of each is presented below,

TRIGGERING BY INPUT FIRING PULSE TO THE INITIATOR

This is the simplest method of triggering the oscilloscope and has the advantage
of portraying the function time of the initiator (time from input firing signal to initial
Pressure rise in a closed bomb)., However, for initiators having function times on the
order of 5 milliseconds, this method of triggering is undesirable when fast sweep
speeds (0.5 msec. or faster) are used on the oscilloscope. The oscilloscope beam will
have passed off the screen before the ''event' occurs if triggering by input firing signal
is used with ''slow'' initiators or if fast sweep speeds are used.

TRIGGERING BY BREAKWIRE

This method of triggering is often used to determine the function time of an
initiator. However, the time delay associated with the severing of a breakwire depends
on the output intensity of the initiator being tested, This delay time may be as long as
50 microseconds. Using a breakwire inside a closed bomb to trigger the oscilloscope
is impractical because it is difficult to stretch a small wire across the initiator closure
and connect it to insulated leads within the bomb., The major advantage in using the
breakwire for any application is its simplicity of construction,

TRIGGERING BY FOIL GAP SWTICH

Although the foil gap switch does obstruct the flow to some extent and is more
difficult to fabricate than the breakwire device, it is well adapted for use in a closed
bomb or an open tube. The initial shock front from the initiator closes the contacts of
the foil gap switch in a reproducible manner and the sensitivity of the foil flapper can
be adjusted to actuate in less than 2 microseconds for most initiators. When rapid
sweep speeds (such as 20 microseconds per cm, ) are desired on the oscilloscope for
observing the initial combustion wave front of an initiator, the foil gap switch is manda-
tory. It is recommended as the best .all-purpose method of triggering the oscilloscope,



